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PREFACE. 



The object of the following articles is 
to give to the practical miner as clear an 
idea as possible of the general principles 
of mine ventilation. The subject is one 
of the most important that can engage 
the attention of the mining engineer, and 
is one that should be well understood by- 
all who are engaged underground. It is 
to be feared that this is far from being 
the case — that great ignorance still pre- 
vails in mining quarters on the subject, 
and that there is much need of a dissem- 
ination of information on the art of 
ventilating engineering. 

The fact that 586 lives were lost in 
1880 by explosions of fire damp empha- 
sizes the remarks of the writer as to the 



importance of the question, and a con- 
sideration of the circumstances under 
which some of those explosions occurred 
force upon him the opinion that much 
has yet to be learned by many officials 
who are treated as competent. 

Every ordinary miner should have a 
knowledge of the subject, because — in 
fiery mines especially — the safety of the 
whole number depends upon the individ- 
ual action of each man employed. 

The writers have attempted to explain 
as much as possible, by the working 
out of examples arithmetically, the vari- 
ous principles taken into consideration. 

To those who are masters of the sub- 
ject, some of the explanations given may 
be considered unnecessary ; their reply to 
this is, they have not written for them, but 
for those who do not understand it ; and, 
for the sake of those practical men who 
are anxious to grapple with the question, 



they have treated it as much as possible 
according to the simple rules of arith- 
metic. The most that will be required 
of the student in working out the ex- 
amples given is a practical acquaintance 
with the manner of extracting square and 
cube roots. 

The cause of motion in air has been 
explained in the first section, where it 
has been shown arithmetically that press- 
ure may be expressed either by feet of 
air column, inches of water gauge, or 
pounds per square foot. 

The friction of air has then been dealt 
with, and several new formulae have been 
given, which will be found useful in 
working out practical examples. 

An explanation of splitting has been 
entered into, and the difference between 
equal and unequal splitting has been 
explained. 

Ascensional ventilation is a matter 



which deserves the attention of all min- 
ing engineers, and no doubt a proper 
knowledge of this art would enable 
ventilating engineering to be conducted 
practically in a much better and far more 
economical manner than it usually is. 

Next, it has been considered necessary 
to draw particular attention to Velocity^ 
and to endeavor to fix some medium as 
the speed at which air should travel. 
Many practical men think the pit is well 
aired if the current is traveling at a high 
speed, but there is a medium in this as 
in other things. 

The co-efficient of friction, referred to 
especially, depends on the nature of the 
sides of the channel through which the 
air passes, and even in the same pit the 
co-efficient may be different, according to 
the rubbing surfaces of the roads; the 
smoother the sides the less the friction, 
and roads formed with brick work have 
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only about one-half the friction of ordi- 
nary underground roads. 

The writers do not profess to have 
exhausted the subject, but they hope by 
thus drawing attention to it that they 
will be the means of increasing amongst 
miners a knowledge of it. » 

There are one or two other points in 
the subject which they would like to have 
gone into, but circumstances do not per- 
mit them to go further into the matter 
at present. 

Their desire in compiling these articles 
has been to make them of utility to 
practical men, and they will be glad to 
know if they have in any degree succeeded 
in their object. 



THE YENTILATION OF COAL MINES. 



By W. Fairley, M. E. 



1. Motion in air is caused by pressure 
or difference of pressure — pressure is ob- 
tained by difference in density — and the 
movement is in the direction from the 
heavier to the lighter air. Pressure, or 
difference of pressure, as regards air 
circulating in mines, may be obtained 
either by the application of heat, as by a 
furnace, or by exhausting the air me- 
chanically from the workings by a fan ; 
it is no matter which of these means is 
applied to procure difference of press- 
ure, the result will be the same with the 
same difference of pressure, however ob- 
tained. 

2. If there are two shafts of equal 
depth, having a passage at the bottom 
connecting them, and the temperature 
and density of the air are the same in 
each shaft, then, as there is nothing to 



destroy the equilibrium of pressure, the 
air will remain stagnant. 

3. If by some artificial means, as 
by a furnace, the temperature of one of 
the shafts is raised above that of the 
other, or there is an exudation of the 
lighter gases, then the air in that shaft 
will be less dense, and the air will move 
in that direction from the colder shaft — 
the heavier column descending and forc- 
ing up the lighter one with a velocity 
proportionate to the pressure caused by 
the difference of density. 

4. If the tops of the two shafts were not 
on the same level, the atmospheric press- 
ure would be the same at the same level 
above the surface, and the extra head of 
air above the shorter shaft, forming part 
of the outward atmosphere, would have 
the same effect as if it were contained in 
a shaft which rose to the same height. In 
this case, if the external temperature were 
lower, than the temperature of the strata 
in which the shafts and the passage were 
made, the circulation of the air would be 
down the shorter shaft and up the longer 
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one. On the other hand, if the exterior 
temperature be higher than that of the 
shafts and strata, the shorter shaft will 
be the upcast. 

5. The motive column is a head of air 
of such a height that it will equal the 
difference of the weight between the air 
in the downcast and upcast shafts ; and 
it is found by calculation from this rule : 

459 + «, 
M= motive column, D= depth of upcast 
in feet, t^ and t^ represent the tempera- 
tures of the downcast and upcast shafts 
respectively. 

6. The motive column is really a meas- 
ure of the pressure in force producing 
the ventilation, and if it is required to 
express it in pounds per square foot it 
may be calculated by multiplying the 
depth of the shaft in feet by the weight 
of one foot of air at the average temper- 
ature of the air in the shaft. Do this for 
each shaft and deduct the one from the 
other, the difference will be the pressure 
producing the ventilation. The follow- 
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ing table gives the weight of a foot of air 
at various temperatures, and may be 
found useful to the student for this and 
other purposes. 

Table showing the weight of a cubic foot of 
4iir in decimals of a pound avoirdupois, at differ- 
ent temperatures, calculated from the formula 

^__1^2529 X30_39.7587 
459-ht 459+t 



Tempera- 
ture t. 


Weight ' 

in decimals ' 

of a lb. 1 


Tempera-i 
ture t. 

1 


Weight 

in decimals 

of a lb. 


32 


.0809749 


120 


.0686678 


35 


.0^504831 


125 


.088079^» 


40 


.0796767 


130 


.0675020 


45 


0788863 


135 


.0669338 


50 


.0781118 


140 


.0663751 


55 


.0773515 


145 


.0658256 


60 


* .0766063 


150 


0652852 


62 


.0763122 


155 


.0647535 


65 


.0758753 


160 


.0642305 


70 


.0751582 


165 


.0637158 


75 


.0744544 


170 


.0632093 


80 


.0737638 


175 


.0627108 


85 


.0730858 


180 


.0622201 


90 


.0724202 


185 


.0617371 


95 


.0717666 


190 


.0612614 


100 


.0711246 


195 


.0607931 


105 


.0704941 


200 


.0603318 


110 


0698746 


205 


.0598775 


115 


.0692660 


212 


1 .0592529 
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7. The force which operates in putting 
air in motion may likewise be expressed 
by saying it is equal to so much water 
gauge, generally expressed in inches and 
decimals. With air and water at a tem- 
perature of 62°^ the following rules will 
apply for converting the pressure into 
different terms : 

Water gauge in inches X 5.196= 
pounds per square foot. 

Pounds per square foot divided by 
.0763122 = length of motive column in 
feet. 

8. The velocity of air without resist- 
ance is the same that a body would attain 
in falling the height of the motive column, 
so that if there is a difference of pressure 
equal to 34 ft. of air. column, the theo- 
retical velocity of the air would be about 
47 ft. per second, because a falling body, 
under the force of gravity, would attain 
a velocity of 8.025 times the square root 
of 34, or 47 nearly. It will thus be seen 
that were it not for the resistances 
encountered by air in passing along un- 
derground roads, a very small pressure 
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would suffice to produce a great velocity. 
To show the theoretical velocity due to 
various pressures or motive columns, the 
table following has been constructed; 
from this we see that with 2 in. of water 
guage, a very common pressure in col- 
liery ventilation, a velocity of 93 ft. per 
second would be attained, but as air is 
retarded in its movement by rubbing 
against the sides of the channels, nothing 
like the theoretical velocity is reached in 
practice. The table shows likewise the 
pressure variously in pounds per square 
foot, inches of water gauge and feet of 
air column. 

9. In practice from ten to twenty times 
as much pressure is required to give that 
momentum to the air which would suffice 
for the final velocity, on account of the 
friction air meets with in rubbing against 
the sides of the airways in passing round 
the underground workings. 

10. If the whole friction of a mine be 
measured by 2.18 in. of water gauge, and 
the final velocity of the air in the upcast 
is 30 ft. per second — a common enough 
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Table showing the comparative height of 
water gauge and air column at a temperature 
of 62 degs. Fahr., with pressure in pounds per 
square foot and theoretical velocity of air due 
to this pressure. 

NoTK.—Weight of cubic foot of air at 62 
degs.=.0763122 lb., and of water =62.355 lb. 



Water 

gauge in 

inches. 



B 

5.196 



.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 



Pressure 


Motive 


in pounds 


column 


per square 


of air 


foot. 


in feet. 


B = 


C= 


Ax 62.355 


B 


12 


.0763122 


.5196 


6.81 


1.0392 


13.62 


1.5588 


20 43 


2.0784 


27.24 


2.598 


34.04 


3.1176 


40.85 


3.6372 


47.66 


4.1568 


54.47 


4.6764 


61.28 


5.196 


68.09 


10.392 


136.18 


15.588 


204.27 


20.784 


272.36 


25.980 


340.45 


31.176 


408.55 



Velocity of 

air in feet 

per second 

due to motive 

column. 

D= 
8.025^0 

21 

30 

36 

42 

47 

51 

55 

59 

63 

66 

94 

115 • 
132 
148 
162 
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Telocity in furnace shafts — the tempera- 
ture of which is, say 135°, it will be found 
by calculation that 2 in. of this pressure 
is due 'to friction, the decimal portion 
only being required to produce the veloc- 
ity, the water gauge due to final velocity 
being found thus : 

30' 1.32529x30 
64.4 459 + ^ 



5.196 

The table given on page 16 has been 
prepared to show the height of water 
gauge required to generate the theoreti- 
cal final velocities at various tempera- 
tures; this deducted from the total 
height of water gauge gives that which 
is to be referred to friction. 

Example : — The quantity of air passing 
in an upcast having an area of 140 ft. is 
210,000 cubic ft. per minute ; the veloc- 
ity is therefore 25 ft. per second, the tem- 
perature is 210°, then the water gauge 
due to velocity is by the table equal to 
.111 inch. 
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THE RESISTANCE OP AIB IN MOVING ALONG 
UNDERGROUND PASSAGES. 

11. All experiments hitherto made with 
respect to the movement of fluids of 
every kind in pipes, passages or channels 
tend to prove that the resistance to the 
motion of the fluids is in proportion to 
the length of the passages traversed, to 
the perimeter of the section of the pas- 
sages, to the square of the mean velocity 
of the fluids, and in inverse ratio to the 
section, or nearly so. 

12. The following rules apply to the 
friction of air in moving along level pas- 
sages of uniform size : — Let a = area of 
airways in square feet ; h = horse power 
of ventilation ; k = co-efficient of friction ; 
I = length of air channel ; o = perimeter 
of air channel ; p = pressure in pounds 
per square foot ; q = quantity of air cir- 
culating in cubic feet per minute; 8 = 
area in square feet of rubbing surface 
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exposed to the sir; u = units of work, 
foot pounds or power applied to circulate 
the air ; t; = velocity of the air in feet per 
minute; t(7=:water gauge in inches; then 

- ^kav* ^a __ksv^q _k8V* _^ 

P ^ p w P'^ 

u q 'i/j^ 
pv V "'^ 

33000~33000 

SV* so* «»' 8V' 



o 
5.-0=-. 






a'~ q ~~av' 



Kaf 1/ 
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o u kav* 

G. — 0'=rya=- = = 

P P 



^'I'-^h 



7hv'~ko'~ke'^ kv'^ ' 
10. — y=(jp—vpa=: ±z=.ksv^= 

(X 

qh\ w=h 33,000. 

ii._«=:5^ =?= yzi v^ v^ 



pa a 



ks 



ks 



ks 



ks ks ks 
ksv^ 



U.—w= a =^. 
"5-f 'i 
13. These formulae comprise the press- 
ure referable to resistance, but not that 
necessary for producing velocity; so 
that they may be looked upon as more 
correct for long passages than short 
ones; that is to say, the pressure re- 
quired for the final velocity becomes a 
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smaller fractional part of the whole drag 
as the pit workings extend. In a general 
way, for the sake of simplicity, the stu- 
dent need not take into account the 
pressure necessary for velocity ; but if 
he desires, to do so, instead of using p 
let him use p — p^; p^ being the pressure 
required to generate the final velocity. 
In this case, 

Instead of using a = — substitute 



p P-Pv 

Instead of pa=k8v^, use a{p—p„)=ksv^. 

Instead of p= — . use p—p^= j or 

ksv^ , 

p = -—-\-p,, 

a 

Instead of «= ';^., use i^Z^. 



Instead of v —Jv^ use 4/ {p-Pv)<^ 
^ k8 ^ ks ' 

14. The CO- efficient that will be used 
in working out the examples given in the 
following paragraphs will be that adopted 
by Mr. Atkinson, viz., .0217 lb. per square 
foot of area of section for every foot of 
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rubbing surface and for a velocity in 
the air of 1,000 ft. per minute; or 
.0000000217 lb. for a velocity of one foot 

per minute, or 

46082950 

15. The area of a road, if square or 
rectangular, is found by multiplying the 
two sides together; thus a road 6 ft. 
high and 5 ft. wide = 30 ft. area. The 
perimeter o f the same road would be 
2x6 + 2x5=22. 

16. The rubbing surface is found by 
multiplying the perimeter by the length ; 
thus a road to continue for 1,000 yards in 
length, and measuring 6 ft. X 5 ft. 
would have a rubbing surface («) of 
(1,000x3x22) =66,000 square feet. 

17. The quantity of air in cubic feet 
per minute is obtained by multiplying 
the velocity in feet per minute by the 
area; the horse power is obtained by 
multiplying the quantity by the pressure 
and dividing by 33,000. 

18. The student must take care to 
clearly understand the difference between 
pressure (p) and power (w). Pressure is 
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the force per square foot producing the 
ventilation, and power is the quantity 
passing multiplied by the pressure 

19. The co-efficient is found by divid- 
ing the pressure by the rubbing surface, 
multiplied by the velocity squared, divi- 

sv' 
ded by the area, or the value of — 

divided in the pressure (/>). 

20. The resistance is according to the 
length of the air channel for the same 
quantity of air, thus, if a mine were ex- 
tended from 1,000 to 2,000 yards, the 
resistance would be doubled. 

21. The resistance is according to the 
square of the velocity, and air courses 
having the same pressure, area and peri- 
meter, but different lengths, will pass 
quantities in accordance with the recip- 
rocal of the square root of the length, or 
the square root of the length divided 
into one. Suppose an air course 200 
yards long pass 7,071 cubic feet, the 
quantities that will pass in air courses of 
400 and 600 yards long, with the same 
pressure, area, and perimeter, will be 
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5,000, and 4,082 respectively, because 

.04082 and the fact that Iq* for each air- 
way gives the same resultj proves the 
question. 

22. The quantity of air circulating in a 
mine is according to the square root of 
the pressure ; in furnace ventilation the 
pressure increases with the depth (pro- 
vided the difference of temperature be- 
tween the two shafts be maintained) and 
the ventilation with the square root of 
the depth of the upcast, so that by add- 
ing a stack of 30 ft. at the top of an 
upcast 150 fathoms deep the ventilation 
capabilities would be increased about 

23. If we obtain a certain quantity by 
a furnace, and another by steam jet or 
other means, the combined effect will be 
according to the square root of the 
square of the one added to the square of 
the other ; for example, if a mine circu- 
lates 25,000 cubic feet of air per minute 
by furnace alone, and 22,000 by steam 
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jets aJone, the quantity of air that will 
pass with the two acting together will 
be ^25000' H- 22000" =33,301. 

24 The quantity of air passing is 
according to the cube root of the power 
applied, and vice versa, the power neces- 
sary is according to the cube of the 
quantity ; thus to treble the quantity of 
air in a mine, the power necessary would 
be twenty-seven times as much, and if by 
an expenditure of 70,087 units of work 
16,848 cubic feet be obtained, the quan- 
tity that would be got by employing 
277,046 units would be 26,639, because : 

16848 x\/277045_ 



V70087 



.=26639. 



25. The quantity of air passing in air- 
ways of diflferent areas, other things 
being equal, is according to the square 
root of the area multiplied by the area. 
Thus, the pressure and rubbing surface 
being the same in each case, the quantity 
passing in an airway of 30 ft. area, when 
20,000 ft. pass in one of 60 ft. area, will 
be 7,071, because 
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a/30 X 20000 ^30_„n„i 

— 7^r~ 60-''"''- 

26. To make airways of diflferent 
lengths of such area as to pass an equal 
quantity with the same pressure, appor- 
tion them according to the formula 



« = .— — =r 

^ ka 

Tims, in a coal mine ventilated by five 
different splits or air currents : 

The first 200 yards long and 9 ft. area. 
" second 400 " " ? " 

" third 600 " '^ ? " 

" fourth 800 '' " ? 

" fifth 1,000 " " ? " 

The areas of each of these, to pass the 
same quantities with the same pressure, 
will be found thus : reckoning the peri- 
meter to be the same in each case, and 
taking the length in feet as the rubbing 
surface, and 10,000 cubic feet as the 
quantity passing in each road, then u 
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will be found for the first airway by 
i JX g = 17,860, and the value of 

V 



— in each of the other roads is : 
ks 



• 2nd, 881.883, 

3rd, 770.400, 

4th, 699.955, 

5th, 649.780, then : 

10000 ^n.339area. 

»81.8«3 

3_-J22?2_=12.980 - 
770.400 

4- -1222^=14.286 - 
099.955 

5_._12222_=15.389 " 
649.780 

and the correctness of these areas is 
proved by finding the amount of press- 
ure, p, for the assumed quantity, which 
ought to be the same in each case as 
bdow : 



/ ksv\ 
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.0000000217 X 600 X O^^Y 



=1.786 lb. 



.0000000217 X 1200 x (^fSf 



11.339 



=1.786 lb. 



10000\' 



.0000000217 X 1800 X ( ) 
3.— \ 12.98/ 

^'^■^^ =1.785 lb. 

.0000000217X3000x/155?^V 
4.— V 15.389/ 

15.3b9 ^^^gg ^^ 

which is sufficiently near. Or, as in this 
question the quantity (q), the power (w), 
k and q are all the same, we may cancel 

these factors in the equation a=-^ 

which will then be reduced to *^/8y t*^®^ 
* the areas will be simply according to the 
cube root of the rubbing surface (s); 
and, as in this we consider the length as 
the rubbing surface, because the peri- 
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meters are all taken as equal, the result 
will be according to the cube root of the 
length, thus : 

1. VeuO = 8.4343. 

2. Vl200 = 10.6269. 

3. Vl800 = 12.1644. 

4. V2400 = 13.3884. 

5. VSOOO = 14.4222. 
We now say : 

area. 
If 8.4343 : 9 : : 10.6269=11.339 of 2nd airway, 
'* 8.4343 : 9 : : 12.1644=12.980 of 3rd '' 
** 8.4343 : 9 : : 13.38?54=14.286 of 4th * 
" 8.4343 : 9 : : 14.42^2=15.389 of 5th ** 

which areas are precisely the same as 
those obtained above. 

27. If a continuous undivided road 
passing one current of air be of various 
dimensions, for the purposes of calcula- 
tion it may be reduced to one typical 
road of uniform size throughout, the 
length (Z') of which may be found by 
this rule : 

^= — X— . 
o a 
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a' = area of typical road; o perimeter 
of same; s and a = rubbing surface and 
area respectively of the original uneven 
road at each series of dimensions. 

Example : The following are the meas- 
urements of an airway, and it is desired 
to calculate the length of a typical road 
which will measure 6 ft. square uniform- 
ly throughout, and that will offer equal 
resistance to it. 

With a road 6 ft. square, — — will 

o 

equal 1,944. 



Length 
Feet. 


Size. 


Area ^ ^®^^' 
^^^*- meter. 

F-t- Fe't. 


Rubbing 
surface. 

Feet. 

16.800 
5,400 
8,800 

11,000 
3,200 


Length of 

typical 
road=r= 

1944 xi,. 


illis 


7x5 
4x5 
8x3 
6x5 
4x4 


35 24 
20 18 
24 22 
30 ; 22 
16 16 


761.7 
1312.2 
1237.5 

792. 
1518.6 


2,100 


-j 


Length of [ 
Original Typical t^" 
road. road, j 


5,622. 



Thus we see that the length of tbenew 
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road would be 5,622, the old one being 
2,100 ft.; and this may be proved in the 
following manner: — Put the quantity of 
air passing at 10,500 cubic feet per min- 
ute, then the pressure (p) for each part of 

the original road will be found by = 

lbs. 
.0000000217X16800 X 300 ' 

= .9374 



o 

a 
'Sd 



1.— 35 

.0000000217 X 5400x525' 



P4 






^'— ^^ =1.6148 

.0000000217 X 8800 X 437.5' 
i^'3- 24 ^15229 

.00000002 17 X 1 1000 X 350' 

^•- ^« = .9747 

.000000021 7 X 3200 X 656.25' 



5.— 



16 



= 1.8690 



Typical road ; 



.0000000217X134928X291.6666* — - — 
(yTT : — 6.9188 

The correctness of the result is shown 
by the pressure, p, required to pass the 
same quantity (which is taken at 10,500) 
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through the typical road, being the same 
as is required in all the different parts 
of the original road put together, viz., 
6.9188 lbs. 

There are one or two useful practical 
lessons to be learnt from this illustration. 
In the first place it will be seen that the 
typical road of 6 ft. square and 5,622 ft. 
long will offer exactly the same amount 
of resistance — with the same quantity of 
air in motion — that is offered by the 
irregular road, the dimensions of which 
are expressed in the five series of figures. 
It is noteworthy that that part of the 
uneven road measuring 700 ft. long, and 
7 ft. by 6 ft., only requires about half the 
pressure which is necessary to keep in 
circulation the same amount of air in 
that portion of the road measuring 200 ft. 
long, and 4 ft. by 4 ft. ; this is of great 
importance practically, and shows how 
the ventilating power of mines may be 
used up and wasted, as indeed, it too 
often is, by contracted airways. 

28. The power required to circulate 
10,500 ft. of air through an airway 1,000 
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yards long and 7 ft. by 5 ft., amounts to 
42,182 units per minute, whereas the 
power required to circulate the same 
quantity through a road the same length 
but only 4 ft. square, would amount to 
294,368 units per minute. In other 
words, it would require an engine nearly 
seven times the power to pass the same 
quantity through the smaller airway as 
through the larger one. 

29. The relative powers required to 
pass equal quantities of air through air 
courses of the same length, but different 
areas and perimeters (o) will be found by 



this rule — o\ 



'(i)!- 



and the table below 



shows the result of this worked out for 
five different sized airways : 



Size of 






airways. 




a 


6x6 


24 j 36 


5x5 


20 


25 


4x4 


16 


16 


3x3 


12 


9 


2x3 


8 


4 



(^ .3 I Relative 
— I =ipowers mak- 
* / ing the road. 
6x6=1. 



.0005144 
.0012800 
.0039062 
.0164608 
.1250000 



1. 

2.29 
7.59 
32 
243. 
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Thus it will be seen that to pass the 
same quantity of air through a road 3 ft. 
square as through one 6 ft. square of the 
same length will require thirty-two times 
the power, &c. 

30. In a channel or air course of uneven 
area and perimeter along which the air 
travels in one current, and which in cal 
culation must be taken in a series of 
lengths of uniform size, the proportion 
of pressure or power that is taken up by 
each part of the road will be found by 

w) / 1 V 

thisrule.^--— , or^V"^/ 

31. The pressure or power required to 
overcome the friction in passing equal 
quantities of air through circular airways 
or shafts is in inverse proportion to the 
fifth power of their diameters, or direcUy 



in proportion to 



«(^)' 



The table on next page shows the rela- 
tive pressure and powers required to over- 
come the friction in passing the same 
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quantities of air through airways or 
shafts of the given diameters. 

By the table it will be seen that 243 
times the power will be required to pass 
the same quantity of air through a shaft 



Diameter of 




Relative powers 


shaft or 


Rule. 


for the same 


airway. 




quantity. 


18 


18» 


1. 


16 


16» - 
18» 


1.80 


14 


U« = 


3.51 


12 


18« 
12» 


7.59 


10 


18« _ 
10» 


18.89 


8 


18« _ 
8» 
18^^ 


57.66 


6 


T» "" 


243. 



6 ft. diameter that is required to pass it 
through an 18 ft. pit, or through airways 
of these dimensions. The reader will do 
well to prove this, and he may do so by 
taking the usual co- efficient, and ascer- 
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taining the powers necessary for passing, 
say, 30,000 ft. of air through two airways, 
say, of 6 ft. and 18 ft. diameter respect- 
ively, and each, say, 600 yards long. 

This will be found by the rule u = -, 

a 

which for the 6 ft. diameter channel 

will be : 

. 00000002 17x28274.4 x 1061.04' x 30000 __ 

2«.'274 ~ 

732,839 units, and for the channel 18 ft. 

diameter : 

. 0000000217 X 84823 .2 X 117.89' x 30000 _ 

254.469 

'700QQQ 

30,169 units, and Z^^V^ = 243 nearly, 
oUlb 

which proves the question. 

And the quantity of air that will pass 

in such airways with the same power is 

in inverse proportion to the cube root of 

the relative powers ; or with the same 

pressure in inverse proportion to the 

square root of the relative powers. 
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THE EFFECT OF SPLITTING THE AIR. 

32. In this place it seems desirable to 
explain what is meant by " splitting the 
air." Originally it was the usual custom 
to circulate the air through a mine in 
one undivided c.urrent, down one shaft, 
around the workings, and up the other 
shaft, and this plan is still in use in some 
simple cases. When this one current is 
divided in the mine into two or more 
cuiTents, which unite again at or before 
reaching the upcast, it is said to be split. 
Splits may be of equal or unequal 
length and area. The expression " two 
equal splits " means that the original one 
current is divided into two currents, 
each of half the length, but both with 
the same area as the original one. It 
must be noted that the phrase ^' equal 
splits'' is more a mathematical than a 
practical one, for it may be safely said 
that to split a current into two, three, or 
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more equal dimensions is never done 
practically; it can, however, in some 
cases be done nearly. After this explana- 
tion it will be understood that theoreti- 
cal splitting will always show a some- 
what better result than practical split- 
ting, because, owing to the varied cir- 
cumstances of the mine, the air cannot 
always be exactly equally divided, and 
in practice, as a rule, . ihe aggregate 
length of the various splits will be some- 
what longer than the original one cur- 
rent ; or the splitting will take place too 
far in-bye, or re-uDite again too far away 
from the bottom of the upcast. No one 
understood this better than the late Mr. 
Atkinson ; hence he says : — *' Every prin- 
cipal split of air should commence as 
near as possible to the bottom of the 
downcast shaft, and should have a dis- 
tinct airway to retiUTi in." 

In the calculations which will be 
brought forward in this chapter with ref- 
erence to splitting, it will be on the as- 
sumption that the splits take place at 
the bottom of the downcast, and re-unite 
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at the bottom of the upcast — in fact, that 
the splits are equal. Unequal splitting 
will be taken into consideration in the 
next section. 

Suppose the original air course of the 
mine to measure 40 ft. area (a), and 120,- 
000 nibbing surface (s) ; by splitting 
into two equal currents we should get 
two airways each 40 ft. area (a) and 60,- 
OOO rubbing surface; by splitting, in to 
three currents we should have three air- 
ways, each 40 ft. area and 40,000 rubbing 
surface ; the area, after splitting, being 
two or three times that of the original 
airway, according to the number of 
splits, but the total rubbing surface re- 
maining the same throughout. 

It is necessary here to explain further 
that when this original one current is 
divided into two equal splits, they may 
be considered as one current with double 
the area, but with the same rubbing sur- 
face. When divided into three equal 
splits, these three divisions may be con- 
sidered as one airway of treble the orig- 
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inal area, but with the same rubbing sur- 
face, in fact, as tabulated below : 







a. 


1 

8. 


Original current. . . 


40 


1 120,000 






Two equal splits. . . . 


..{i::: 


40 
40 


60.000 
60,000 



Equal one current 

] (T7. 

Three equal splits < 1 . . . 

(1... 

Equal one current 



80 I 120,000 



40 I 40,000 
40 , 40,000 
40 40,000 



120 120.000 



This will be proved arithmetically fur- 
ther on. 

33. The benefit derived from splitting 
depends very much upon the relative rub- 
bing surfaces and the areas of the shafts, 
as compared with those of the mine, and 
unless the friction due to the shafts be 
taken into account when the effect of 
splitting is calculated, the result will be 
fallacious. 

Were it not for the resistance of the 
shafts, which, of course, varies with the 
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quantity of air passing, the result of 
splitting would be more easily calcu- 
lated. 

34. It may perhaps be better, for the 
sake of the student, that we should in 
the first place consider the effect of split- 
ting without taking into account the 
shaft resistances, so that he may ac- 
quaint himself gradually with the pro- 
cess of calculation, and eventually see 
the difference of the two results. 

35. The following example is given 
for calculation : the quantity of air pass- 
ing round a mine in one current before 
splitting ig 10,000 cubic feet per min- 
ute ; the area of the air course is 20 ft., 
and the rubbing surface is 24,000 ; what 
quantity will circulate when the current 
is split into 2, 3, 4, 5, 6, and 10 equal 
divisions, the pressure remaining the 
same ? 

In the first place the pressure {p) for the 

ksv* 
one current may be found by the rule — , 

this will be 6.51 lbs. The effect of split- 
ting into 2, 3, &c., divisions, as has been 
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explained in paragraph 31, is to double, 
treble, &c., the area, without altering the 
rubbing surface, and as the quantity is 

obtained by the rule y ^ X «, we use 
•^ ^ KB 

this to find the quantities with the vari- 
ous splits in operation ; but as />, ^, and 
B are the same in all these instances, the 
formula will be reduced to this simple rule, 
V^Xtt, and the relative quantities will 
be according to the square root of the 
area multiplied by the area, as tabulated 
below : 





I 




?= 


©= 


No. of 
splits. 


«. 


a. 




Lz^ 


a 


1 


24,000 


20 


10,000 


6.51 


2 


24,000 


40 


28,284 


6.51 


3 


24,000 


60 


61,961 


6.51 


4 


24,000 


80 


80,000 


6.51 


5 


24,000 


100 


111,803 


6.51 


6 


24,000 


120 


146,y(59 


6.51 


10 


24,000 


200 


316,228 


6.51 



or the question may be worked out with- 
out reference to the actual dimensions of 
the areas and rubbing surfaces in each 
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case, further than considering the areas 
to vary as 1, 2, 3, 4, &c. Then the 
quantities that will pass will be most 
simply found thus :— If a/IX 1 : 10,000 : : 
a/2 X 2 : ;=28,284, the quantity with two 
splits, and if a/TxI : 10,000 :: VlO X 10 
: = 316,228, the quantity with ten splits 
as above. 

An example similar to this is given 
further on, showing what the result will 
be after taking into account the shaft re- 
sistances. 

36. If the power is to remain the same, 
instead of the pressure, and the original 
air course passing 10,000 cubic feet per 
minute, the quantity that will pass in 
each case of 2, 3, 4, 5, 6, and 10 equal 
splits will be simply in direct proportion 
to the area:— 1, 10,000; 2, 20,000; 3, 
30,000; 4, 40,000; 6, 50,000; 6, 60,000; 
10, 100,000. The rule to find the quan- 
tity when the power (w) is given being 



y^xo, 



,^ w, but X;, 8 and u being the same 

rC8 

in t e case of all the splits, these may be 
canceled, and the quantities will be di- 
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rectly according to the area as stated 
above. 

37. There is a great difference between 
splitting the air and adding an additional 
air course of the same length and area as 
the original one; thus, in dividing one 
current into two equal splits, we get an 
increase from 10,000 to 20,000 with the 
same power, but by adding an additional 
air course the increase will only be from 
10,000 to 15,874; this may be worked 
out as follows: 

Take a to equal 36 and « to equal 
18,000, then the power is found by the 

formula ^-=r 8371.4 foot pounds= u. 

With the additional air course "a" and "5'* 
will be doubled, and as the velocity is 

^ y iT^ ^^ ^se these figures 



i. 



8371.4 
.0000000217X36000 ^ ^^' ^"^ ^®* *^® 
quantity which is equal to 15,874 cubic 
feet per minute, or the quantity is accord- 
ing to the reciprocal of the cube root of 
the rubbing surface multiplied by the 
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area ; as both s and a are in the propor- 
tion of one to two we say, 

Xl: 10,000 ::V^X 2 :=15,874, 
the same as above. 



If V" 
^ 1 



38. So far, we have not taken into 
account the shaft resistances, but in the 
next example we will do so. 

If there are 10,000 cubic feet of air 
passing through a mine in one current, 
the resistances of the shafts at that time 
being equal to the resistance of the mine, 
what extra quantity of air will pass 
through the mine by adding an addi- 
tional air course, same length and area as 
the original one, the power remaining 
the same ? 

In order to make the resistance of the 
shafts and mine equal, take the area and 
rubbing surface of each the same. With 
the addition of another air course, both 
the area and rubbing surfaces in the 
mine are doubled. Proceeding in this 
way, the results have been obtained as 
follows : 



46 



Divisions 
of ftir. 


?. 


a. 


«. 


P' 


u. 

8371.4 
8371.4 


'Shafts. . 
^ 1 Mine . . . 


10,000 
10,000 


36 
36 


18,000 
18,000 


.83714 
.83714 


^ Total... 


36,000 




16742.8 


rShafts . 

3! Mine... 


11,694 
11,694 


36 
72 


18,000 
36,000 


1.1455 

.28662 


13394.3 
3348.5 


^Total... 


16742.8 



Having taken the area of the shaft and 
mine at 36, and rubbing surface of each 
at 18,000 with one current, we find that 
the power required to pass 10,000 ft. 
through the mine and shafts amounts to 
16742.8 foot pounds (u). The value of p 
is obtained by 



(|)'x3X/fc, 



and oiu hy q p. 



Now, in order to apportion the power 
that will be used up by the shaft and 
mine after making the additional air 
course, we put the two air courses of the 
mine into one, the dimensions of which 
will be 72 a and 36,000 s ; and use the 
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formula given in paragraph 30, viz.,j — j. 

Bj this we find 13394.3 units are re- 
quired to pass the same quantity of 
11,694 cubic feet per minute through the 
shafts that 3348.5 units will pass through 
the mine. Or, the power used in the 
shafts will be found thus : 



16742.8 X 18000 X 



ik)' 



18000x(i)'+36000x(^)' 

that of the mine thus : 

16742.8 X 36000 x(^)' 

i8000x/i\' 7IZZ TTTs 



(3i)V36000x(iy 



= 13394.3 



= 3348.6 



Total 16742.8 

39. If the resistances of the shafts are 
half those of the mine when there are 
five equal splits, and there are 10,000 ft. 
of air passing in one current before 
being split at all, the quantities that will 
pass through the mine with 2, 3, 4, 5, 6, 
and 10 equal splits are stated in the 
table on pages 48 and 49, the same ven- 
tilating pressure being in operation. 
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Division of the 


Relatively. 








current. 


s 


a 


,- <-)' 


^ a < 


. (Shafts 

(Mine 


1. 


2. 


3. i 


1 
2 


10 
2 


.001 
25 








251 i 


' 25 Shafts 

J i Mine 


1 
2 


10 
4 


.001 
.03125 
.03225 ; 


! oi Shafts 

i ^ ( Mine 

i 


1 
2 


10 
6 


.001 ! 
.009259 ; 

.010259 ; 


i . ( Shafts 

^JMine 


1 
2 


10 

8 


.001 ; 
.00390625 j 








.00490625 i 


K (Shafts 

^(Mine 

f' 


1 
2 


10 
10 


.001 1 

.002 

.003 


« (Shafts 

• ^JMine 


1 
2 


10 
12 


.001 
.0011574 


. 






.0021574 • 


.flj Shafts 


1 
2 


10 
20 


.001 ' 
.00025 

.00125 
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Actual. 


8, 


a. 


P- 


»=Vf.. 


4. 
12,000 


5. 

100 


6. 


7. 


.02604 


10,000 


24,000 


20 


6.51 
6.53604 


10,000 


12,000 


lOo 


.20267 


27,898 


24,000 


4" 


6.83337 
6.53604 


27,898 


12,000 


100 


.63710 


49,463 


24,000 


60 


5.89894 
6.53604 


49,463 


12,000 


100 


1.33219 


71,526 


24,000 


80 


5.20385 
6.53604 


71,526 


12,000 


100 


2.17868 


91,469 


24,000 


100 


4.35736 
6.53604 


91,469 


12,000 


100 


3.02959 


107,863 


24,000 


120 


3.50645 
6.53604 


107,863 


12,000 


100 


5.22883 


141,704 


24,000 


200 


1.30721 
6.53604 


141,704 
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In this table it is shown that, with six 
equal splits and area taken at 120, and 
rubbing surface 24,000 the pressure re- 
quired to pass 107,863 ft. through the 
mine is 3.50645. Here we have taken 
the six equal splits as one current, and 
to show that this one current would be 
equal to the six splits taken collectively 
we give the following figures : 



6 equal splits = 



r!4000 
4000 
4000 
4000 
14000 
4000 



I 
1^3.50645 



f! 17977i 
179771 
17977} 
17977i 
17977} 
1 17977i 



All the spHts are reckoned to be divi- 
ded at the bottom of the downcast, and 
to re-unite at the bottom of the upcast. 
They are therefore all to be considered 
as subject to one common pressure ; tak- 
ing this for each at 3.50645, and using 

the formula i/ :^ x «, we shall find that 
each separate split will pass 17,977| ft., 
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and the total quantity in the six splits 
will be 107,863 ft., and therefore one 
current having 8 = 24,000 and a = 120 is 
equal to six divisions taken together, 
each of them having s =4000 and a = 20. 
Here a of shafts has been made to 
equal 100 and s = 12,000, and of mine 
when there are five splits a = 100, s = 
24,000, for by these conditions we shall 
have ihe resistances of the shafts half 
those of the mine when there are five 
equal splits, as desired in the question. 
In explanation of the figures given under 
columns «, a, and p " relatively," it may 
be said that the rubbing surfaces of the 
shafts and mine are in the proportion of 
1 and 2, both in the case of the one cur- 
rent, and all the splits and the areas are 
in the proportions given in the second 
column; the third column shows the 
relative pressure required to pass equal 
quantities through airways having the 
conditions given in columns 1 and 2. 
With reference to the figures in column 
6, they are obtained by apportioning 
them according to their relative press- 
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ures in the third column; thus, the 
pressure per foot at work in producing 
the ventilation is 6.53604 lbs., when 
10,000 ft. pass in the one current, the 
result being got at by working out 
both for the shafts and mine the rule 

;; ; and we say, for example, in 

the case of two splits, if .03225 give 
6.63604, what will .001 give? and, if 
.03225 give 6.53604, what will .03125 
give? by which we obtain .20267, the 
pressure required in the shafts, and 
6.33337, the pressure required for an 
equal quantity of air in the mine ; and so 
for the other splits. The quantity in 
the- seventh column is obtained by 

y ^ X ct; or the result may be deter- 
mined more directly by using the relative 
pressures obtained in column .3; the 
quantities will be according to the 
square root of these, thus : 
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^ .03225'' „_„„ 

With 2 spUts= --= =27898 

'^:25r 



/7ii^aXlO0<« 



.010259 
WithSspUts = 7== — = *9463. 



v__^ooi_ xioooo 

^ .00490625 _,.„„ 

With 4 splits= ;;== =71526. 

'^ .251 

• |/-^x 10000 

^ .003-^ -,.„ 

With 5 splits = j=- = »1*69- 

'^:251 



i/ -QQi XIOOOO 

^ .0021574^ ,-_„„„ 

With 6 splits= r= =107863. 

^001 



.251 



|/_:25LxlOOOO 
^ " 0125^ 

•^ .251 



With 10 splits=^^5i^^^:= = U1704. 
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40. Considenng the resistances of the 
shaft and mine in the same proportion 
as in the previous example, but reckon- 
ing the power to remain the same 
throughout, the accompanying table 
(see pages 56 and 57) shows the quantity 
that will pass with the various spUts. 

Having explained in the remarks on 
the previous table how the quantities 
have been found, it seems unnecessary 
to do so in this case ; indeed, the tables 
are so constructed as to obviate as much 
as possible the necessity of explanation. 
The results given in this table may be 
found more directly by using the relative 
powers in the third column of the table ; 
the quantities will be according to the 
cube root of these : 



W- 



•<*1 X 10000 



.03225 

With2splits= 5 — = =19817. 

y:001 

^ .251 



v; 



"<" X 10000 



.010259' 

With 3 8pHts= i— r-= = 29030. 

V:001 

^ .251 
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v; 



.001 ,„„„„ 

.xioooo 



^nrxu A y-i. 00490625' 

With4spht8= — s— ;= =37123. 

i/:001 
^ .251 



Y- 



•"<" -XIOOOO 



With 5 Bplits= " , _= =43737. 

y.ooi 

^ -251 



Y- 



•«"i xioooo 



With 6 8plits= :^— 1- =48818. 

y.qoi 
' ;25i 



Y- 



''' xioooo 



.00125' ,^,,^ 

WithlOsplits= , _. = = 58558. 

y^oi^ 

^ .251 
41. Mr. Atkinson, in his Treatise on 
Ventilation, gives tlie quantities that 
will pass "supposing a mine to have 
such shafts and airways that when there 
are five equal splits of air the shaft 
resistances amount to one-half of the re- 
sistances offered by the mine ... if 
before splitting the air at all we had a 
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Divisions of the 
current. 



Relatively. 



•(jY- 



1 (Shafts. 
^ iMine . , 

o j Shafts , 
-^(Mine.. 

Q j Shafts . 
*^^Mine... 

A j Shafts . 
^(Mine... 

K (Shafts , 
^iMine... 

« j Shafts , 
^(Mine.. 

-^ j Shafts. 
^" I Mine.. 



1. 



10 
2 

10 
4 

10 
6 



10 
8 



10 
10 

10 
12 

10 
20 



3. 



.001 
.25 



.251 

.001 
.03125 

.03225 

.001 
.009259 

.010259 

.001 

.00390625 

.00490625 

.001 
.002 
.003 

.001 
.0011574 

.0021574 

.001 

.00025 

.00135 
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Actual. 


u. 


8. 


a. 




^= yir ^ « 


4. 


5. 


6. 


7. 


260.4 
65100. 


12,000 
24,000 

12,000 
24,000 

12,000 
24,000 

12,000 
24,000 

12,000 
24,000 

12,000 
24,000 

12,000 
24,000 


100 
20 

100 
40 

100 
60 

100 
80 

100 
100 

100 
120 

100 
200 


10,000 
10,000 


65360.4 




2026.7 
63383.7 


19,8l7f 
19,817| 


65360.4 




6370 4 
58990. 


29,030 
29,030 


65360.4 




13322.5 
52037.9 


37,123 
37,123 


66360.4 




21786.8 
43573.6 


43,737 
43,737 


65360.4 




30295 9 
35064.5 


48,818 
48,818 


65360.4 




52288.3 
13072.1 


58,558 
68,658 


65860.4 
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Tentilation of 10,000 cubic feet of air per 
minute," with the same ventilating press- 
ure in force (see page 67, fourth edition). 
As the figures are different from those 
obtained above, we have brought them 
into a tabular form, and worked out the 

pressure (/>) from the formula 

(see page 60). 

It may be submitted that had Mr. 
Atkinson's quantities been correct, the 
pressure {p) should have been the same 
all the way down in the table ; but it 
will be seen that the results are slightly 
different. 

42. Again we have brought Mr. Atkin- 
son's figures of page 58, fourth edition, 
into a tabular form and applied the rules 
u=q p=vap to ascertain the power, and 
find the results are not quite the same in 
each case, though the difference is not 
very much, as will be seen from the last 
column of the table on page 61. 

42*- A number of uneven splits subject 
to common pressure may be converted to 
one typical road that will offer the same 
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resistance in passing the same quantity 
of air, in the following manner : 

Let r=the sum of the separate results 
for each split of — 

1 



/(ii 



X« 



Liet a'= the area of the new typical road, 
'< 5'=rubbing surface of ditto, then 

Example: — Eeduce the three uneven 
splits below to one road 6 it. square that 
will offer the same resistance with the 
same quantity, or pass an equal quantity 
with the same pressure. 




2.345888 
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Divisions 

of the 
current. 


8. 


a. 


q, as per 
Mr. At- 
kinson. 


^" a 


- j Shafts.. 
■^^Mine... 


12,000 
24,000 

12,000 
24,000 

12,000 
24,000 

12,000 
24,000 

12,000 
24,000 

12,000 
24,000 

12,000 
24,000 


100 
20 

100 
40 

100 
60 

100 
80 

100 
100 

100 
120 

100 
200 


10,000 
10,000 

27,892 
27,892 

49,449 
49,449 

71,527 
71,527 

90,789 
90,789 

107,800 
107,800 

141,710 
141,710 


.02604 
6.51 




6.53604 


oJ Shafts.. 
^(Mine... 


.20258 
6 33067 




6.53325 


oj Shafts.. 
^JMine... 


.63673 
5.89566 




6.53239 


.3 Shafts.. 
*]Mine... 


1.33223 
5.20407 




6.53630 


- (Shafts.. 
^ (Mine... 


2.14638 
4.29277 




6.43915 


^(Shafts.. 
^JMine... 


3.02607 
3.50236 




6.52843 


10 {K:: 


5.22928 
1.30732 




6.53660 
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Divisions of 
the air 
current. 

^ S Shafts. . 
^ i Mine . . 

o j Shafts. . 
^ i Mine . . 

o (Shafts.. 
-^ (Mine . . 

. j Sliafts.. 
^(Mine .. 



K i Shafts. . 
^ < Mine . , 



^ i Sliafts. . 
^ < Mine . . 

-rt J Shafts.. 
^" iMme . . 



13,000 
24,000 



I g. as per I 

a. Mr. At- 

kinson. 



P=~a'\ ^P 



lOO; 10,000 I .026 ! 260.4 
201 10,000 16.61 165100. 



,65360.4 



12,000100, 19,813 I .1022 2J25.31 
24,0001 40 19,813 13.1940,63291. 



65316.31 



112,0001100' 29,022 .2193 6365. 
124,000 60 29,022 '2.0308 58938. 



165303. 



12,000,100 37,121 .358813319. 
24,000| 80 37,121 1.4016 52028. 



I j 165347. 

12.000 100 43,736 i .498121785. 
;24,000,100 43,736 ' .996243570. 



12,000 
24,000 



12,000 
24,000 



i 65355. 

100; 48,797! .620030254. 
120 48,797, .7176 35017. 



100 
200 



58,556 



65271. 



.89286 52282. 



58,556 .22321113070. 
153526. 
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Then 



8478 



(2:34588) ^^^' 



= 8478 s. 



or -^j- =344|^; thus, a road 6 ft. square 

of this length or having a rubbing surface- 
of 8478, will be equal to the three divided 
roads above. 

Another example may be given to 
illustrate this rule. There are five un- 
equal splits subject to one common 
pressure, with dimensions as below ; find 
the value of 8 for a road 6 ft. square to 
give a resistance equal to that of all the 
splits together : 



No. 


Size. 




ft. ft. 


1 


8x3 


2 


5x5 


3 


4x5 


4 


6x6 


5 


5x5 



Length. 



1500 
1300 
1200 
1000 
1300 



*/' 



(t)- 



.6472313 

.7752171 

.6085806 

1.3942729 

.7752171 



4.2005190 
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(4.200519) ^^^' „^^^„, 

Then jYTi =2644.24 s 

( „_) the answer. 
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TO FIND THE QUANTITY THAT WILL RESULT 

FROM THE APPLICATION OF A GIVEN 

PRESSURE OR POWER IN A MINE 

HAVING UNEQUAL SPLITS, &C. 

43. If there are a number of equal or 
unequal splits in a mine, all subject to 
one common pressure, the quantities 
that will pass in each split are in propor- 
tion to this formula : 



/ 



Cih'- 



or finding p for an equal quantity pass- 
ing in each split, the quantities in each 

split will be in proportion to- -^iz . 

V p 

44. The relative pressures or powers 

to pass the same quantity of air 

through air courses of different areas and 
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rubbing surfaces may be found by 

or s I — ) which formulse we have 

a \ a / 

used in obtaining the figures contained 

in the third column of each of the tables 

on pages 48, 49, and 56, 57. 

45. When the air courses are of the 
same area and perimeter, and the press- 
ure is the same, the quantities are in 
proportion to the reciprocal of the 

square root of the length = — =: 

V I. 

46. The water-gauge due to friction is 
9 in. The downcast is 10 ft. in diame- 
ter and 70 fathoms deep, the upcast is 9 
ft. diameter and 70 fathoms deep. The 
air courses undergroimd are as follows : 

One 900 yards long 6 f t. x 5 ft. 
" 800 " 6 ft. X 6 ft. 

" 1,000 " 7 ft. X 5 ft. 

Find the quantity of air passing, apply- 
ing Mr. Atkinson's co-efficient of friction 
throughout — 

.9 in. X 5.2 = 4.68 lbs. pressure. 
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In this case we proceed to find the 
pressure necessary for passing 40,000, 
which altogether amounts to 8.8561 lbs., 
then as \/8.8561 : 40,000 : : V'4.68 = 
29,077, as worked out in the table (page 
67), the formula at the head of each col- 
umn explains where necessary the man- 
ner of proceeding ; it has been assumed 
that the splits are subject to one com- 
mon pressure. 

47. The next table (page 68) is given by 
way of exercise for the student — the ques- 
tion being, What quantity of air will pass 
through the mine with a total pressure 
of 8 lbs. per square foot, the current be- 
ing divided as specified, Nos. 1 and 2 be- 
ing the shafts, 3, 4, 5, and 6 splits, sub- 
ject to the same pressure? It is not 
necessary here to explain how the figures 
in the first seven columns of this table 
have been obtained, but those of col- 
umn 8 are on the assumption that 40,- 
000 ft. of air pass through each divi8ioii 
(any other quantity might have been as- 
sumed) ; column 9 is the reciprocal of 
the square root of the pressure given 
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in column 8. In column 10 we give the 
quantities that pass in each division 
when the total is 40,000 ; of course the 
two shafts (1 and 2) pass the total quan- 
tity of 40,000, and the quantity in each 
division underground is in direct pro- 
portion to the figures given in column 9. 
In column 11 it is seen that the total 
pressure required to pass 40,000 is 14.21 
lbs., but as only 8 lbs. is the pressure in 
force, we* proportion the figures in col- 
umn 12 with those of 11, so that they 
amount to 8 lbs. and then we find if 
A/I42i give 40,000, that A/8~will give 
30,012, and that the quantities passing 
in each split 3, 4, 5, and 6 will be accord- 
ing to the figures given in column 13, 
and the total power (u) as i)er column 
14, will be 240,096. 

48. By way of exercise for the student 
it has been further assumed that another 
air course (No. 7) 5X5 and 1,300 ft. long 
be added to those enumerated in the 
previous paragraph, and that the power 
in force remains the same. With these 
conditions the quantity passing, it will 
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be seen, is only increased from 30,012 to 
30,744, as per table on page 71. 

In this case we have proportioned the 
^juantities in each split by the figures in 
column 7; and in taking 30,012 as the 
total quanity of air passing, we find the 
pressure, as per column 9, to be 7,442 ; 
this multiplied by the quantity gives 
223,349 units ; then we find if V 223349 
.give 30,012 that the V240096 gives 30,- 
'744, and the quantity in each split is 
proportioned again according to the fig- 
ures in column 7. The pressure, p, in 
column 11 may be obtained by propor- 
tioning it with the figures in columns 8, 
9, and 10, or by working out directly 
from the quantity in column 10 by the 

formula — p= , and u in column 12 

a 

is obtained by multiplying the figures in 
columns 10 and 11 together; and it will 
be seen that the total units in this col- 
umn amount to 240,098, which is correct 
within 2 units in the previous table. 

49. Suppose a mine to have two splits 
of air only, one offering five times as 
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much resistance as the other, and that 
the ventilating pressure required to cir- 
culate the air through the shafts and un- 
divided airways is one-twelfth of the 
whole ventilating pressure. With a total 
quantity of 100,000 feet passing per min- 
ute, and putting the rubbing surface of 
the shafts at 10,000 and area at 100, then 
the figures in the table below will show 
the relative rubbing surfaces, areas, 
quantities, and pressures meeting these 
conditions. 



Divisions I 
of the air. 



Shafts I 10,000 

Mine i! 1.151,912 

^^^^ 11 230,388 



100 
100 
100 



100,000 
30,902 



P- 



2.17 
1.23.87 

26.04 



50. If the pressure remain the same as 
stated in previous paragraph, and there 
are three splits offering resistances in 
the ratio of 3, 2, 1, then the relative 
quantities, rubbing surfaces, areas, and 
pressures will be according to the fol- 
lowing table : 
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Divisions 
of the air. 


«. 


a. 


148,869 
37,633 
46,079 
66,167 


P- 


Shafts! 

Mine ^ 


10,000 
691,160 
460,767 
330,383 


100 
100 
100 
100 


4.81 
[31.33 

36.04 



The examples given in this and the pre- 
vious paragraph are to be found in an- 
other form at page 182 in the Transac- 
tions of the North of England Institute 
of Mining Engineers, Vol. VI. 

51. If the downcast and upcast shafts 
of a colUery are each 180 fathoms deep 
and 12 ft. 5 in. diameter, and with one 
undivided air course in the mine having 
a=36 and 5=120,000, the quantity of 
air circulating is 15,000 cubic feet per 
minute, what quantity will pass when 
there are 2, 3, 4, 5, and 6 equal splits,^ 
the pressure remaining the same? In 
the first place we find the total pressure 
required to pass 15,000 ft. of air with 
only one air course is 12.78954 lbs., then 
we find what the relative pressures are 
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Divisions of 
the current. 


a. 


8, 


Relative 

pressures on 

a quantity of 

f 15,000 = 

ksv* 

a 


No 


1. 


2. 


3. 


4. 


1 
2 


(Shafts... 
Mine... 

(Shafts... 
(Mine . . . 

(Shafts... 
( Mine . . . 

( Shafts... 
] Mine . . . 

(Shafts... 
t Mine . . . 

(Shafts... 
i Mine . . . 


121.087 
36 

121.087 

72 

121.087 
108 

121.087 
144 

121.087 
180 

121.087 
216 


84,240 
120,000 

84,240 
120,000 

84,240 
120,000 

84,240 
120,000 

84,240 
120,000 

84,240 
120,000 


.231669 
1.569734 


3 


1.801403 

.231669 
.465106 




.696775 


4 


.231669 
.196217 




.427886 


6 


.231669 
.100463 

.332132 


6 


.231669 
.058138 

.289807 
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p- 


?. 


u^ 


i 5. 


6. 


7. 


.281669 
12.557871 


15,000 
15,000 

39,968 
39,968 

64,265 
64,265 

82,008 
82,008 

93,082 
93,082 

99,647 
99,647 


3,475 

188,368 


12.789540 


191,843 


1.644796 
11.144744 




12.789540 


511,172 


4.252363 

8.537177 




12.789540 

6.924602 
5.864938 


821,920 


12.789540 


1,048,845 


8.920971 
3.868569 

12.789540 




1,190,476 


10.223839 
2.565701 




12.789540 


1,274,439 
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on 15,000 in the case of all the splits, as 
per column 4 ; the pressure in column 5 
is then apportioned directly according . 
to the figures in column 4 ; and from the 
pressure in column 5 we get the quan- 
tity in column 6 by the rule — y ^ X « 

and u is got by multiplying p and q to- 
gether. 

Supposing it be required to know 
what quantity will pass with the power 
(u) remaining the same, we find by the 
table that this amounts to 191,843 units 
when the air is passing round the mine 
in one current, then by the table we see 
that with the same pressure there are 
39,968 feet of air passing with two splits, 
and that the power (w) amounts to 511,- 
172, then we say 

As 3^/511172 : 39968 : : Vl91843 : 28666, 
the quantity of air that will pass when 
there are two equal splits, and the power 
remains the same, or we work out the 
results in the case of all the splits as 
follows : 
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With 2 splits -VlW4-3-X39968_,,,,, 
V511172 

With 3 splits ^Vl9i8i3X64265^^^3^, 
V821920 

With 4 splits ='^P^!g^"A8^46291 
V1048845 

With 5 splits=Vp^g!i^^"g-^=50370 
V1190476 



Witi. 6 splits= ^J^1^^^2^i?^^=52617 
V1274439 
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ASCENSIONAL VENTILATION. 

52. By ascensional ventilation is meant 
the ai't of conducting the air under- 
ground so that it shall in the first place 
go directly to the lowest part of the 
workings and afterwards rise as it re- 
turns to the bottom of the upcast shaft. 
The intake generally being colder than 
the return, by this system return air is 
made to ascend and not descend. There 
is a loss of power in conducting return 
air downwards to the upcast, and this is 
a practice that should be avoided as much 
as possible. 

53. The rules and tables referring to 
the friction of air and to the different 
quantities that will circulate with cer- 
tain pressures, as given in the previous 
chapters, apply only to horizontal chan- 
nels and not to dip and rise roads ; for 
in practice it is found, whilst the quanti- 
ties of air that will pass in different splits 
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in the same horizontal plane preserve the 
same proportion whatever the ventila- 
ting pressure may be, such is not the 
case with dip and rise plits. 

54. The reason of this is that there is 
a difference between the density of the 
intake and return air due to change of 
temperature, the mixture of watery va- 
por, the emission of gases, &c., and as 
the return air of any current is generally 
less dense than the intake (on account 
of the gases emitted being usually lighter 
than common air, &c.) there is mostly a 
natural influence at work in favor of the 
intake current passing to the dip, and 
returning by an ascending route, and 
against the air going flrst to the rise and 
returning by a descending road. Sup- 
posing a dip and rise split to be subject 
to one common ventilating pressure, in 
the case of the dip split there is to be 
added the pressure due to natural influ- 
ences, in the case of the rise split the 
pressure due to natural influences is to 
be deducted from the general ventilating 
pressure, and thus it happens if there be 
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a long split and a short one, both level, 
in order to pass equal quantities of air 
in each it will be necessary to put a regu- 
lator in the short one ; and on reducing* 
or increasing the ventilating pressure 
the quantities will still be equal, but if 
the long one is a dip split and the short 
one a level one, on reducing the total 
quantity of air the long split will get a 
greater proportion than originally. On 
the other hand, if the long split is a rise 
one and the shoi*t split a horizontal one, 
on reducing the total quantity of air the 
long spUt passes less and the short one 
more than the original share. This fact, 
so repeatedly proved in practice, clearly 
shows the value of the principle of ascen- 
sional ventilation and the mistake in car- 
rying return air down the bank. If, 
however, the returns were charged with 
gases heavier than common air to such 
an extent as to render them more dense 
than the intake air, the opposite results 
would take place on reducing or increas- 
ing the general ventilating pressure, n 
the case of dip and rise splits. 1 his, 
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however, is an exceptional case, for, as 
said before, the return air of mines is 
generally less dense, in consequence of 
being usually higher in temperature, and 
impregnated with the lighter gases ; and 
it is therefore, speaking generally, wrong 
in principle to bring return air down the 
hill. The descent of return air in places 
which give off fire damp has been, and 
is hkely to be, the cause of serious explo- 
sions. 

55. In collieries giving off fire damp it 
is well to have the return air course on 
the upper side of the workings ; by this 
means the gas will be naturally drained 
away by gravity from the goaves or 
where workmen are employed. 

56. If the ascensional principle of ven- 
tilation be carried out, the exudation of 
carburetted hydrogen in a mine will have 
the effect of increasing the ventilation. 
The light specific gravity of the fire 
damp, as compared with that of air, will 
be equal to an additional ventilating 
pressure. This principle appears to be 
well understood in Belgium and in West- 
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phalia, particularly so in the last-men- 
tioned coal field, where, according to the 
experience of the writer, it is the pre- 
vailing system. 

57. In furnace ventilation the best cur- 
rent of air is produced by having the 
furnace placed on the dip side of the 
underground workings, because in that 
case a longer motive column or ventila- 
ting pressure is obtained ; but in steep- 
lying seams the advantage derived by the 
natural ascendency of warm air and light 
gas is not only lost, but an additional 
pressure equivalent to this advantage is 
required to bring the light air down to 
the bottom of the upcast. Hence, ven- 
tilating fans made to exhaust the air 
from a shaft on the rise side of the work- 
ings are both in point of economy and 
safety better for ventilating steep seams 
than furnaces placed on the dip side. 

58. If we suppose the rise workings 
to reach the vertical height of 50 fath- 
oms, and the temperature of the intake 
be 55 degs. and return 85 degs., there 
will be a natural pressure due to tern- 
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perature alone of 1 lb. per square foot, or 
one-fifth of an inch of water gauge in 
favor of mechanical ventilation with up- 
cast shaft at the rise of the workings, 
and against furnace ventilation with the 
upcast at the dip, in addition to the ex- 
tra resistance consequent on the in- 
creased length of air course and upcast. 
In order to make this plain to the stu- 
dent, we take from the table of the weight 
of air given under paragraph 6 the weight 
of a foot at 55 degs. = .0773515, and mul- 
tiply this by 300=23.20545, and deduct 
the weight at 85 degs. = .073085c> multi- 
plied by 300=21.192574, which gives a 
difference of 1.01 lb. 

59. The average temperature of a fur- 
nace upcast may generally be taken at 
100 degs. (at least) more than that of the 
mine, and consequently the increased 
pressure obtained at the bottom of the 
upcast by this increased length of heated 
air column will overcome any local press- 
ure in the mine and compel the air to 
travel down-hill from the rise workings 
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to the furnace, but this will be at the ex- 
pense of additional fuel. 

60. It has been stated that the gases 
emitted from mines are generally such as 
to render the return air lighter than the 
intake. This, however, depends on the 
specific gravity of the gas. The table 
following shows the specific gravity of 
the various gases met with in mines and 
the relative altitude they usually assume: 

S. G. 

Hydrogen 0.069. 

Carburetted hydrogen . . . 0.550. 

Aqueous vapor 0.620. 

Nitrogen and miasma 0.976. 

Olefiant..' 0.980. 

Air ^ 1.000. 

Oxygen..* 1.100. 

Sulphuretted hydrogen .. 1.190. 

Carbonic acid 1.520. 

Sulphurous acid 2.120. 

Those gases which are lighter than 
air have an influence in favor of the as- 
censional principle of ventilation ; those 
which are heavier will act prejudicially 
to it. 
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VELOCITY OF AIB. 

61. A velocity of 6 in. per second or 30 ft. 
per minute is enough to deflect the flame 
of a candle, and 3 ft. per second is suffi- 
cient to remove and render harmless the 
ordinary discharges of fire damp. A re- 
turn air course 7 ft. square passing 30,000 
cubic feet of air per minute gives a ve- 
locity of about 10 ft. per second. In 
many of the furnace pits of the North of 
England the air travels at a velocity as 
high as 30 ft. per second. It is not al- 
ways practicable, however desirable, to 
reduce the velocity in returns or upcast 
shafts to a minimum, but it is very im- 
portant that the air in the working parts 
of a mine should not travel at less than 
say 2 ft. per second, or more than 7 ft. 
The medium between these would be the 
best average velocity ; but a very much 
greater velocity than this is attained in 
some collieries. 
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62. There are several reasons why air 
should not travel at a high velocity. One 
is because, if it be very much surcharged 
with fire damp, enough to render it in- 
flammable, there is a danger of some of 
the commonly used lamps exploding. 
Another reason is that the pressure re - 
quired to overcome the friction is ac- 
cording to the square of the velocity, and 
the power according to its cube. The 
following table shows the relative press- 
ures and powers required to move the 
air through the same air course at the 
velocities stated: 



Velocity in ft. 


Relative 


Relative 


per second. 


pressures. 


powers. 


3 


1. 


1. 


4 


1.77 


2.37 


6 


2.77 


4.63 


6 


4. 


8. 


7 


5.44 


12.70 


8 


7.11 


18.96 


9 


9. 


27. 


10 


11.11 


37 03 


12 


16. 


64. 


14 


21.77 


101.63 


16 


28.44 


161.70 
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Thus we see there is 16 times the press- 
ure and 64 times the power required to 
pass the air through the same chanDel, 
at a velocity of 12 ft. per second, that is 
necessary at 3 ft. per second. Thirdly, 
when air travels too rapidly it is dis- 
agreeable to the workmen and all who 
have to move in it ; and it is difficult to 
prevent the light from being blown out. 

63. Each split should have a current 
of 8,000 or 10,000 cubic feet per minute, 
and the latter quantity at a velocity of 5 
ft. per second would require an area of 
33 square feet. 

An inflammable mixture of pit gas and 
air, moving at the rate of 8 ft. per sec- 
ond, will explode most of the ordinary 
safety (?) lamps. 
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THE CO-EFFICIENT OF FBICTION. 

64. Throughout this treatise we have 
used the co-efficient of Mr. Atkinson, 
namely, .0000000217 lb. for each foot of 
rubbing surface, and a velocity of 1 ft. 
per minute. From this we find that 
v=6788 



because 



i/\ 



^=6788. 



« ' ' .0000000217" 

65. Mr. D. K. Clark, in his most excel- 
lent book, Bulea^ Tables and Data for 
Mechanical Engineers^ gives the follow- 
ing formula for the "flow of air through 
passages of any form of section " (sub- 
stituting the notation used throughout 
these papers it is) : 

t;=796y ^ 



wa 
s 



and to bring this into the same terms as 
above: 



89 
79O60 



therefore 



^=20,944, 

V5i2 



t; =20,944' 



/? 



66. M. Devillez, in hie Ventilation des 
Mines, uses a co-efficient which is equal 
to .00000000951 lb. for each foot of rub- 
bing surface and a velocity of 1 ft. per 
minute, now as : 

a/ i i/ P^ 

y = =10,253^=10,253^ — 

.00000000951 ' ' ^ 

67. Recapitulating, we see that the 
Telocity is found according to these three 
authorities as below : 

a/ P^ 
Per Atkinson, v = 6,788y ^ 

Per Devilio/ v = 10,253r ,, 

Per Clark, v = 20,944r ^y- 

68. The writer is incHned to think 
that Mr. Clark's formula is deduced 
from experiments with passages having 
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smoother sides than those of under- 
ground roads generally, and consequent- 
ly the frictioD is not so great ; he has 
confidence in the result obtained by M. 
Devillez, but thinks until further experi- 
ments have been made it would be suffi- 
ciently near, as an average for under- 

i/ pa . 
ground passages, to use 10,000y -7 

This would be equal to .00000001 pound 

per square foot of rubbing surface, or 

1 



100,000,000 



ior a velocity of one foot per 



minute, or .01 lb. or iqu ^^^ ^ velocity of 
1,000 ft. per minute, and these are 
factors that could be both easily remem- 
bered and used in calculation. 
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NOTE. 

69. In the preceding pages calcula- 
tions have been gone into to show the 
quantities of air that will circulate under 
certain conditions; it is necessary to state 
that these conditions never exist practi- 
cally; for example, "equal splitting," as has 
been explained under paragraph 31, can- 
not very well exist in a practical sense ; 
then again, in considering '^unequal 
splitting," it has been assumed that the 
splits are all subject to one pressure ; 
this can only be the case when all the 
splits divide from the main current at 
one point, and reunite again in the re- 
turn at one point, which will not be found 
to be the case practically. It has 
already been pointed out in the earlier 
pages that one of the conditions — as- 
sumed to exist — is wanting in the 
case of dip and rise splits. Another 
condition affecting the consideration of 
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the quantities that will pass with vari- 
ous powers or pressures is the co- 
efficient of friction ; in the calcula- 
tions it has been assumed that one co- 
efficient applies throughout the whole 
ramifications of the mine, from the en- 
trance of the air at the mouth of the 
downcast till it escapes at the top of the 
upcast ; but from experiment it has been 
found that the co-efficient varies with 
the nature of the rubbing surface ; that 
in an arched tunnel or brick-lined shaft 
for example, it is not nearly so much as 
for the ordinary channels of a mine. It 
has likewise been assumed that all the 
air which enters the mine passes com- 
pletely through it, but this is not the 
case practically; air escapes at doors, 
stoppings, crossings, brattice, and 
through goaves, &c., and this to a very 
large extent in some collieries. 

70. The amount of this fugitive air, if 
it may be so called, is not always a cri- 
terion of the ability displayed in carrying 
out the ventilation ; in collieries having 
good means of producing air, and with 
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limited workings, it is more permissible 
than in extensive collieries which require 
all the air in-bye that can be obtained ; 
in such cases as the latter care must be 
taken to prevent the escape of air by tak- 
ing the short route to the return, instead 
of passing through the working places. 

71. All open places in a coal mine, 
whether in work or not, should have air 
passed through them, and in no case 
should old workings be shut up with 
air-tight stoppings ; such a practice is 
very likely to lead to some casualty 
through places of this kind becoming 
dangerous magazines of gas. 

72. It is hoped the calculations that 
have been gone into may be of some as- 
sistance to students in understanding the 
question. The principal matter of this 
essay was worked out some twelve 
months ago, when the writer intended 
to consider the subject further ; since 
then, however, his engagements have 
prevented him from devoting the neces- 
sary time to it, and for this reason cer- 
tain experiments on the subject cannot 
at present be utilized. 
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THE VENTILATION OF COAL MINES. 



BY 

GEORGE J. ANDRfi. 



The late coal panic has shown us to 
-what degree our material prosperity is 
dependent on that mineral. It would 
eeem, indeed, that the exhaustion of our 
coal fields must inevitably be followed 
by the utter collapse of those industries 
which have made this coun*^^ry what it is, 
and that even a slightly decreased pro- 
duction would seriously affect their posi- 
tion. Coal having assumed a relation of 
such vital importance to our social exist- 
ence, its extraction from the earth has 
become one of the foremost engineering 
questions of the day, and accordingly in- 
creased attention is now being directed 
to it. The author of the present paper 
has therefore deemed the time opportune 
for a discussion of some of the facts 
relating to what is certainly one of the 
most important subjects of mine engi- 
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neering, namely, the ventilation of the 
workings. One of the effects of the 
recent panic may be seen in the greater 
activity shown at existing collieries as 
well as in the opening out of many new 
ones. In their haste to extract the 
valuable mineral there is danger that 
managers and engineers may not give 
due attention to those matters which are 
essential to an efficient ventilation, es- 
pecially in the laying out of new works. 
Hence another reason for calling atten- 
tion to the subject at this time. More- 
over it is almost an indisputable fact 
that 90 per cent, of those disastrous 
explosions which so frequently occur are 
wholly due to a defective ventilation. 
Thus it appears that, though the princi- 
ples of a good ventilation are generally 
understood and acknowledged in theory, 
they are still far from being applied in 
practice. By the expression " defective 
ventilation," it is not intended to mean 
merely insufficient ventilation, but also 
all systems of ventilating a mine that are 
established upon false principles, quite 
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irrespective of the quantity of air pass- 
ing through it in a given time. Of 
course it is quite impossible to treat so 
large a subject in a paper like the pres- 
ent, and therefore no such attempt will 
be made. All that the author proposes 
to do is to direct attention to a few 
essential points, and instead of adducing 
anything new, to simplify what is al- 
ready known. 

It is agreed on all hands, and Parlia- 
ment has recently enacted, that a suffi- 
cient quantity of air should be constantly 
passed through a mine to dilute and 
render harmless the noxious gases evolv- 
ed or generated therein. But there 
does not appear to be any definite 
understanding among mining men as to 
what constitutes a sufficient quantity, 
and the practice among careful men is to 
pass an excess of air in order to be on 
the safe side. No doubt this is erring in 
the right direction ; but it is better not 
to err at all. Besides, such a practice 
begets a vagueness of notion concerning 
the requisite quantity of air that con- 
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duces neither to correctness of judgment 
nor to progress in knowledge. It may 
in some cases be a source of danger 
even, for a Davy lamp is not safe in a 
violent current of air that has been sud- 
denly fouled by a blower, while the cost 
of producing the current is enormously 
increased. Of course the question is an 
intricate and a difficult one, depending 
upon numerous conditions that vary 
from district to district, and even from 
mine to mine. A general solution is 
therefore not to be looked for ; but it is 
both practicable and highly desirable to 
lay down some definite and invariable 
basis upon which every individual case 
may be accurately and readily calculated. 
The atmosphere of a coal mine is 
vitiated by several causes : the breath of 
men and horses, the combustion of lights, 
the moisture of the ground, the exhala- 
tion of gases from the strata, and the 
chemical changes which are constantly 
going on in the substances exposed to 
the influence of the air. Some of these 
causes are constant in fcheir action or 
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nearly bo, while others are extremely 
variable. The former we can estimate 
with accuracy; with the latter we can 
deal only approximately. 

The average quantity of air breathed 
by man is usually assumed by writers 
on mine ventilation to be 800 cubic feet 
per minute. This quantity is, however, 
altogether erroneous as a basis on which 
to calculate an adequate amount of ven- 
tilation. It has been stated by eminent 
medical authorities that the mean of 
several hundred experiments conducted 
with great care by means of very accur- 
ate instruments was 502 cubic inches per 
minute, and that this quantity was 
increased to 1,500 cubic inches, or nearly 
three times as much, by the exertion of 
walking four miles an hour. We all 
know from experience that a much 
larger quantity of air is breathed when 
undergoing violent exercise than when 
at rest ; and we cannot therefore found 
a calculation relating to men subjected 
to great physical exertion in a mine upon 
what has been ascertained respecting a 



100 

man lying motionless on his bed. It 
may be assumed that the average amount 
of labor undergone by each man and boy 
in the extraction of coal is at least equal 
to that of walking four miles an hour ; 
and hence the quantity of air required 
for each man will be 1,600 cubic inches, 
or say, one cubic foot per minute. The 
miasmata or effluvia derived from the 
various secretions of the body are a 
potent cause of vitiation in the atmos- 
phere. The unpleasant smell of a close 
bedroom in the morning is due wholly to 
this cause, and in ascertaining the state 
of ventilation in a room by what is 
known as the " nose test," it is these 
effluvia which furnish the requisite indi- 
cations. Moreover, the air in passing 
over the human body becomes heated. 
These causes are greatly increased in 
intensity by the augmented temperature 
due to violent exertion, such as is under- 
gone in mines. Added to this there is 
the dust caused by each workman float- 
ing in the atmosphere. We must 
therefore provide an additional quantity 
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of air to keep the atmosphere pure and 
cool, and this quantity may be taken as 
one cubic foot per minute. This allows 
a covering of film of air over his whole 
body about f inch thick, which film is 
changed every minute. Each man's 
lamp will heat the air and foul it with 
the products of combustion to a degree 
requiring about one cubic foot per min- 
ute. Thus the quantity of air requisite 
per man will be three cubic feet per 
minute. A horse fouls about six times 
as much as a man, and will therefore 
require twelve cubic feet per minute. 

The foregoing may be considered the 
constant causes of vitiated air, and are 
easily dealt with. We come now to con- 
sider the varying causes, namely, the 
moisture of the ground and the gases 
evolved. It is impossible to treat these 
otherwise than approximately, but an 
approximation sufficiently near for prac- 
tical purposes may be arrived at. The 
gases existing in a coal mine are chiefly 
carbonic acid or choke-damp and carbu- 
retted hydrogen or fire-damp. Other 
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gases are generated, but in such small 
quantities that their presence is not of 
much importance, except perhaps when 
blasting is extensively practiced. These 
two gases, carbonic acid and carburetted 
hydrogen, are continually being exhaled 
in greater or less quantities from the 
face of the exposed strata, and therefore 
the total quantity is to a certain degree 
dependent on the extent of surface ex- 
posed. They are given off more abund- 
antly from fissures, especially in the 
neighborhood of faults. Considerable 
quantities of carbonic acid are also in 
every mine due to the respiration of men 
and horses, the combustion of lights and 
the deflagration of gunpowder, all of 
which causes are subjects of calculatioD. 
In smaller quantities, carbonic acid is 
formed by the fermentation and decom- 
position of vegetable matter. 

When the proportion of carbonic acid 
to the atmospheric air reaches ^th the 
compound will not support combustion^ 
and is fatal to life. A proportion of -j^th 
of carburetted hydrogen renders the 
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compound inflammable. These propor- 
tions may be taken as the limits which 
must never be reached; or, to further 
simplify the matter, the proportion of 
pure atmospheric air must, in a mine, 
never be less than |^ths of the total vol- 
ume therein contained. 

The question now is what quantity of 
air in a dry mine, making but little gas 
of any kind, is sufficient, irrespective of 
the respiration of men and horses, to en- 
sure this proportion under all conditions. 
This problem, as we have said, can only 
be solved approximately, but as it is 
mainly a uiatter of experience and calcu- 
lation, -a fairly close approximation may 
be arrived at. A careful investigation 
of this matter has led the author to con- 
clude that one cubic foot of air per sec- 
ond for every 100 square yards of sur- 
face is an adequate quantity. This al- 
lows for the exhalation and formation of 
.067 cubic foot of impurities, that is, 
noxious gases, watery vapor, and solid 
floating matter per second. In other 
words, one cubic foot of air per 100 
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yards of surface is equivalent to a film 
about f inch thick spread over that sur- 
face, which film is changed every minute. 
And .067 cubic foot of gases to the 
same extent of surface is equivalent to a 
film about -^ inch thick formed every 
minute. Of course the gas is not ex- 
haled in this regular way over the whole 
surface exposed. But the quantity here 
given is approximately that which is 
given off the surface at the worst parts 
under the conditions previously men- 
tioned. 

This quantity of one cubic foot per 
second for every 100 yards of surface 
may be taken as a reliable basis upon 
which, to calculate an adequate ventila- 
tion. It must be borne in mind that the 
quantity is only just sufficient under the 
very favorable conditions which we have 
assumed, and is, therefore, analogous to 
the breaking strain of materials. In 
every case it will have to be multiplied 
by an appropriate factor of safety, the 
value of which must be determined by 
the conditions of the case. All mines 
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are, in a greater or lefls degree, liable to 
give off *' blowers," that is pent-up accu- 
mulations of gas which are liberated 
by the boring and driving, or by falls of 
roof. The gas issues from the blowers 
with a sound resembling, in the smaller 
ones, the simmering of a tea-kettle, and 
in the larger that of blowing off high- 
pressure steam. Of course it is quite im- 
possible to estimate the value of these 
blowers with anything like accuracy, just 
as it is impossible to estimate the value 
of the strain to which a structure exposed 
to sudden shocks may be subjected. In 
both cases a sufficiently large factor of 
safety must be taken to include possibili- 
ties and to leave an ample margin of 
safety. It may be remarked that no 
system of ventilation can be calculated 
for the large blowers previously men- 
tioned. They are fortunately of rare oc- 
currence, and when one does occur, the 
only practicable plan is to call out the 
men until it has exhausted itself. When 
their presence is suspected, safety lamps 
alone should be used. The small blowers 
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are more constant in their action, and 
are capable of being estimated with some 
degree of precision. 

Besides varying in gaseous products, 
mines differ in degree of moisture. Blast- 
ing is also more extensively practiced in 
some mines than in others. All of these 
circumstances will influence the factor of 
safety, the value of which must be de- 
termined for every individual case, and 
which will vary from 2 to 6. Let us now 
apply these principles to an example. 
Suppose we have to ventilate a mine in 
which the air courses have a total^length 
of 2,000 yards, giving a total surface of, 
say, 14,000 square yards; and, to sim- 
plify the calculation, we will suppose 
that the number of men and horses are 
100 aud 10 respectively. Respiration, 
perspiration, and lamps will then require 
100 X 3 ^• 10 X 12=420 cubic feet per 
minute ; and the gases, vapors, &c., will 
need J1PJLo = 140 cubic feet per second= 

1 U ^ 

8,400 cubic feet per minute. Supposing 
the mine to generate but little fire-damp 
and to be not particularly wet, we may 
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take the factor of safety at 3, which will 
give(840*' + 420) X 3=26,460 cubic 
feet per minute as the adequate amount 
of ventilation. In this case we have 
taken the surface and the factor of 
safety for the entire mine ; but when, as 
it usually is, the mine is divided into 
several districts, which are aired by 
separate currents, the air must be appor- 
tioned according to the surface of each 
district and the factor of safety deter- 
mined by the nature of the seam or the 
conditions of the workings. Thus the 
factor of safety may vary from district to 
district. 

When the proper quantity of air has 
been determined, the next question is, 
how to get it through the workings. 
One mode of effecting this is to provide 
contracted air-ways and to give the ven- 
tilating current a high velocity. An- 
other is to have spacious air-ways and a 
low velocity. For economical reasons, 
the former is but too frequently adopted. 
In many cases a drift is driven with an 
insufficient sectional area ; in other cases. 
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falls of roof, the creep of the floor, and 
other causes reduce the dimensions of an 
air passage to those of a mere creeping 
hole. Fully 25 per cent, of the air 
courses in collieries which are now being 
worked, and in which the ventilation is 
said to be perfect, can only be entered 
by a man in a crawling posture. The 
economy of a system that lays out works 
in such a manner, or that allows them to 
get into such a condition, is more than 
doubtful. The drag of the air, that is, 
its retardation by contraction and fric- 
tion, is enormously increased thereby, 
and the consumption of fuel in the fur- 
nace, or in the engine when a mechanical 
ventilator is used, is augmented in a 
like proportion. But even when the ad- 
ditional cost of fuel is incurred, the 
friction with small passages and high 
velocities is so great that it is impossible 
to ensure sufficient ventilation at all 
times, and hence there is the constant 
risk of accident, with its accompanying 
danger to life and property. It may 
therefore be laid down as one of the es- 
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sential principles of an efficient ventila- 
tion, that spacious air- ways are indispens- 
able. A limit that may be adopted with 
advantage is, that all air-ways other than 
shafts should allow a sufficient quantity 
of air. to pass with a velocity not exceed- 
ing 6 feet per second. 

Another important fact connected with 
the dimensions of air-ways is, that the 
return passages require a larger sectional 
area than the intake passages. When 
the ventilating current enters the return 
ways from passing through the workings, 
it is laden with the various gases that 
are generated in a mine, watery vapor, 
the solid products of combustion and 
coal dust, and its temperature, and con- 
sequently its bulk, is considerably in- 
creased. Thus it has lost a great part of 
its elasticity and it drags more heavily. 
To compensate this, its friction should be 
lessened by increasing the sectional area 
of the passage. To ensure a proper 
state of ventilation there should be two 
return ways, each equal in sectional area 
to the intake. As far as practicable, the 
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air courses should have at all parts of 
their length the same sectional area. It 
is, perhaps, hardly necessary to remark 
that they should be kept free from all 
obstructions, such as projecting pieces of 
timber or stones. 

One of the most effective means of di- 
minishing the friction is to shorten the 
runs by dividing the workings into dis- 
tricts and ventilating each with a sepa- 
rate air-current. Thus, a shaft 12 feet 
in diameter will afford sufficient area for 
five different air-ways each of 20 feet 
area. This system of splitting the air, 
as it is called, though well known, is not 
adopted so extensively as it ought to be. 
There are many mines in which the old 
im wholesome and dangerous practice of 
passing the air through in one column 
from the downcast to the upcast shaft 
still prevails, though the evils attending 
it have long been acknowledged by the 
majority of viewers. An additional and 
great advantage possessed by the system 
of ventilating by districts is that of con- 
fining the effects of an explosion to a 
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small part of the workings. In all cases 
of splitting the air, the split should be 
made as near the downcast shaft, and 
the several branches reunited as near the 
ttpcast as possible, and the air-ways be* 
tween the shafts and the points where 
the branches separate and reunite should 
have a large sectional area. 

The distribution of the air through the 
workings requires great skill. There are, 
indeed, few matters connected with 
mining that test the skill and ability of 
the engineer more than this. A very 
slight variation in the direction of the 
ventilating current may make all the dif- 
ference between a good and a defective, 
and consequently a dangerous ventila- 
tion. And yet this important duty is 
often left to ignorant hands. No doubt 
the men who are entrusted with this im- 
portant woA are experienced men, and 
men who on that account would be called 
practical. But there are things which ex- 
perience alone cannot teach, at least in 
the lifetime of a single individual. A 
certain amount of scientific knowledge 
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and an acqaaintance with collateral Bub- 
jects, such as the composition of gases ^ 
the nature of fluids, and the laws which 
they obey, are absolutely necessary to 
enable a man to manage efficiently the 
ventilation of a mine. And such knowl- 
edge is part of a liberal education. 

The essential conditions of a good 
distribution are: (1) That the air shall 
not pass from the broken to the whole 
workings ; and (2) that an explosion 
shall not take the air off the men at the 
faces of work, or reverse its direction. 

The author does not hesitate to assert 
that three-fourths of the explosions that 
occur, and that result in such a lamenta- 
ble destruction of life and property, are 
caused solely by the neglect of the former 
of these conditions, and are therefore 
preventable ; and that a large proportion 
of the deaths that result are due to the 
neglect of the latter conditions ; for in 
most cases fewer men are killed by the 
direct effects of the explosion than by 
the after-damp. It does, indeed, seem 
strange that such an ignorant mode o{ 



113 

distributing the air should still be com- 
monly adopted. When the ventilation 
is in uneducated hands we may attribute 
the practice of the pernicious system to 
ignorance and want of skill ; but when, 
as is sometimes the case, we find the 
practice perpetuated under the authority 
of men eminent in their profession, we 
are forced to believe that a criminal 
economy is at the bottom of the matter. 

The second condition is scarcely of 
less importance than the first, as it deals 
with the effects of an explosion should 
such an accident occur from any unfore- 
seen cause. The ventilating current will 
always take the shortest course to the 
upcast shaft. If, in consequence of an 
explosion, the doors or stoppings are 
injured, a large portion of the workings 
may be left entirely without air at a 
time when it is most needed, namely, 
when the passages are foul with the 
after-damp or carbonic acid gas produced 
by the explosion. To prevent such an 
occurrence the distribution should be so 
arranged as to preclude the possibility 
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of the current of air being diverted from 
its proper course before it has left the 
working places, or of being stopped 
altogether by an injury to the return 
passage. All permanent stoppings 
should be built of brick or stone and 
well plastered ; they should also be well 
backed, especially those by the side of 
the main ways, which should have five 
or six yards of stowing behind them. 
Whenever a crossing is necessary for the 
return it should, if possible, be by a 
stone drift over or under the main way. 
The additional cost thus incurred would 
be more than compensated by the addi- 
tional security obtained. Were all these 
precautions duly observed, mining would 
be freed of half its perils. A strict 
supervision would be all that was neces- 
sary to protect the mine against the 
danger of an explosion occasioned by 
any but unforeseen causes. Such super- 
vision is indispensable in all cases to 
ensure the proper quantities of air being 
apportioned to the several districts, and 
the needful precautions constantly taken 
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to maintain a steady, uniform current of 
air. Without this the best system must 
prove ineffectual. 

DISCUSSION. 

Mr. Baldwin Latham said he would 
offer a few remarks in order to open the 
discussion, but his observations would 
be on the general question of ventilation 
rather than with particular reference to 
coal mines. He had certainly given 
some attention to the ventilation of coal 
mines when studying the ventilation of 
sowers; but he had found that the 
system of having one downcast and one 
upcast shaft for the ventilation of coal 
mines was comparatively easy to carry 
out, but that it was not at all applicable 
to sewers. From his examination of a 
large number of coal mines he was con- 
vinced that the observations which had 
been made by Mr. Andre in his paper 
were of very great value. The paper 
did not touch upon the particular means 
which were adopted for the ventilation 
of coal mines, but it simply brought for- 
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ward broad facts which it would be well 
for all interested in such matters to bear 
in mind, and which showed that there 
never could be safety without a super- 
abundance of fresh air. There was not 
sufficient attention paid to the ventilation 
of a mine as the workings were worked 
out, or as the material was extracted. 
In his opinion a new mine required far 
less air than one which had long been at 
work.' The little passages which were 
shown in the diagrams were air-channels; 
and in a new mine the cubic capacity of 
those channels would be comparatively 
small; but when the mine was worked 
out the cubic capacity became greater. 
When gases escaped or blowers occurred 
the passages and goaves acted as gas- 
holders by means of which gas could be 
accumulated. In an old mine the same 
intake and the same volume of air passed 
through it as in a new mine, although 
the cubical capacity in the old mine was 
greater. The chances were that in old 
mines the whole area might become oc- 
cupied with gas which, by the admix- 
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ture of the atmospheric air, in limited 
quantities, would be rendered explosive. 
Instead of being diminished as the mine 
was worked out, and the cubical capacity 
of the mine became greater, the amoimt 
of air ought to be increased, and not 
only so, but adequate mechanical ar- 
rangements ought to be introduced by 
which the air could be conducted 
through the' vacant spaces so as to com- 
pletely ventilate the mine. 

It was a disputed point whether natu- 
ral or mechanical means ought to be 
adopted for ventilating mines. By 
mechanical means, he meant the use of 
steam as a mechanical power, for either 
driving air into the mine or sucking air 
out. The plan of driving air into a mine 
was called the plenum system, and the 
plan of drawing air out was called the 
vacuum system. The natural system of 
ventilation consisted of those methods in 
which the air of a mine was heated by 
ordinary combustion, so that they got a 
column of heated atmospheric air which 
was considerably lighter than an equa] 
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column of cooler air, and by this differ- 
ence in the weight of respective columns 
of air, motion was produced. Air upon 
being heated dilated ^iir^^ ^^ ^^^ ^"^^ 
bulk for every degree Fahrenheit. Hence 
he fully corroborated the statements of 
Mr. Andre, that the passage for the 
exhausted air required to be far larger 
than the passage for the intake air. Air 
always passed into a mine at* a tempera- 
ture far lower than that of the air some 
hundreds of yards below the surface of 
the earth. The air of a furnace was ap- 
pHed in order to heat air in excess of at- 
mospheric heat, and create that current 
of air which is necessary to aerate every 
part of the mine. A cubic foot of air 
heated 50 or 60 or perhaps 80 degrees 
would occupy a far larger space than it 
originally occupied when it entered the 
mine. This caused the necessity for in- 
creasing the size of the air-passage for 
all air which had once passed through 
the mine. If this was not done there 
would be a contraction, and contraction 
meant waste of force, and it also meant 
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retardation of ventilation. Further, it 
was possible when there was a contract- 
ed passage that from some sudden cause, 
such as the explosion of gunpowder in 
the mine, the whole current of ventila- 
tion might be changed in the opposite 
direction. Therefore it was needful in 
all cases of mine ventilation to make the 
passage of the air as easy as possible, 
from the place where it entered to the 
place where it passed out. If the pas- 
sages were uniform throughout, some 
circumstances might momentarily change 
the direction of the air, and the result to 
those who were laboring in the mine 
might be an immense loss of life. 
Hence the necessity of producing* en- 
larged passages for the easy exit of the 
air that had been used in the mine. Air 
would always take the shortest passage. 
We might make passages for it, but it 
would not follow the route prescribed 
for it if it could get away by any shorter 
cut. 

Mr. Arthur Bigg said that the me- 
chanical system of ventilation most gen- 
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eraJly adopted consisted in the use of 
fans, and they might be employed in 
two ways, either for forcing air into the 
mine (the plenum system) or for drawing 
air out (the vacuum system). Of those 
two, even on theoretical grounds only^ 
the vacuum system appeared the best, 
for in the plenum system whatever 
moisture happened to be contained in 
the atmosphere at the time the air was 
compressed would be liable to be de- 
posited ; but in the vacuum system, on 
the contrary, the air, being attenuated, 
was in a condition to take up a far 
greater amount of moisture on leaving a 
mine than it could hold on entering. 
No doubt Mr. Andre was perfectly cor- 
rect with his remarks on the dimensions 
of the passages, for in order to force a 
certain quantity of air through them if 
the passages were half the area, the air 
would have to travel with double 
velocity, and hence require about four 
times the power to drive it. There was 
an enormous economy in having the 
passages large, and the saving of three- 
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quarters of the coal which would have to 
be burnt when narrow passages were 
used was surely a sufficient compensa- 
tion for any expense in making them so 
large that a man could walk erect instead 
of being obliged to crawl on his hands 
and knees. 

On one occasion he (Mr. Rigg) went 
down a coal pit ; the men seemed only 
. anxious to show the effects of the fire- 
damp by holding up their saiety lamps 
against certain "blowers," and having 
their light obscured or put out altogether. 
Under such a system as Mr. Andre had 
recommended it would have been rather 
more comfortable. Mr. Andre said that 
the exit should be twice the size of the 
intake, but he (Mr. Bigg) supposed that 
such a statement applied only to the 
plenum system, for he could hardly 
imagine such an increase of size would 
be necessary in the vacuum system, 
where the velocity of the air when leav- 
ing would be so much greater than that 
of the air entering; but in the plenum 
system no doubt the outlet should be 
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twice as large as the intake. Mr. 
Andre's plans were most interesting and 
important, and persons were far too apt 
to make small openings for ventilation 
instead of large ones, not only in coal 
mines, but wherever ventilation was re- 
quired. 

Mr. Druitt Halpin said he believed 
that mining engineers reckoned that they 
did a pretty good duty on the average in 
the natural system of ventilation, if with 
a consumption of 50 lbs. of coal an hour 
they dislodged a quantity of air repre- 
sented by 33,000 foot-pounds per minute 
in one horse-power. On the mechanical 
system, in some of the best-arranged 
methods, they worked at about 10 lbs. 
per horse-power per hour. With good 
Guibal fans, which had lately been in- 
troduced from Belgium, they got a duty 
out of the fan of 40 or 45 per cent, of the 
power put into the engine. They used 
8 or 10 lbs. of coal per horse-power per 
hour. It was therefore a matter of cal- 
culation what should be laid out in the 
mechanical arrangements. Goal at the 
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point of production was often so cheap 
as sometimes not to require to be very 
accurately considered. The mechanical 
method was the most certain of the two, 
and was gradually gaining ground. The 
great advantage of the Guibal system of 
fans was that the fans did not allow a 
mass of mechanical power to pass them 
and come away without being utilized. 
A large duty was got out of the fans by 
gradually diminishing the velocity of the 
issuing air, and letting the whole body 
of the gases go away at an almost nomi- 
nal velocity. A movable shutter worked 
up and down to regulate it. 

Mr. Andre, in replying upon the dfs- 
cussion, observed that with regard to 
Mr. Baldwin Latham's remarks about the 
old and new mines, he (Mr. Andre) 
thought that they were quite in accord- 
ance with his remarks in the paper, be- 
cause he proportioned the quantity of air 
to the area exposed, and therefore in an 
old mine, where there was a much larger 
area exposed than in a new one, more 
air would have to pass through. With 
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respect to the goaf, or the portion work- 
ed away, as the pillars were worked 
away, air passages would still be left 
through it. It would be altogether 
wrong to leave it with pent-up accumu- 
lations of gas, so as to make it anything 
like a gas holder. He knew that was 
sometimes done, but it was a very 
dangerous practice. Passages must be 
left clear to carry away all the gases 
which were given off in the goaf. 
Goaves were very dangerous places, and 
many explosions had resulted from 
proper care not being taken with them. 
The air ought to be passed from the 
goaf directly into the return passages. 

Mechanical ventilation was certainly 
coming more into use. In some respects 
it was preferable to the furnace, but he 
was not altogether in favor of it. It was 
entirely dependent on the fan, and if the 
machinery broke down the ventilation 
was stopped at once through the whole 
mine. In the case of furnace ventilation, 
it would be a difficult thing to put out 
the fire all at once, and if that was done 
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the shaft would be still hot, and the 
ventilation would be carried on for some 
considerable time ; that was a great ad- 
vantage. It was true that the engine 
burnt less coal than the furnace, but the 
coal had to be brought up to the engine 
before it could be burned, and though 
the cost of bringing it up was not much, 
still it was something. He believed 
that the furnace system, taking it alto- 
gether, was better than the other. With 
regard to the plenum system, he did not 
think that that would do at all. The 
vacuum system was the only one to be 
adopted, and in that case he certainly 
thought that the return passages would 
require a large area just the same, be- 
cause when the air passed down the 
downcast, it was at a certain tempera- 
ture, and had a certain volume, and 
in passing through the workings it got 
considerably heated and expanded. He 
believed that an additional area would 
be required, whichever way the air was 
expelled. 
A remark had been made about the 
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proportion of the intake to the outlet be- 
ing as 1 to 2. When he (Mr. Andre) 
spoke of the factor of safety he was not 
referring to the size of the return 
passages. The factor of safety referred 
to the quantity of air passed through the 
whole mine or a whole district. The 
sectional area of the returns compared to 
that of the intake should be as 2 to 1. 
The stalls or passages must not be con- 
sidered to be full of impurities. The 
impurities were gradually given off, and 
there was not such a vast volume to 
carry away. The gases exuded all over 
the surface in small proportions relative- 
ly to the quantity of air to be passed 
through the mine, and it would be suflS- 
cient to make the return passages twice 
as large as the intake. 
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Science at Brooklyn Polytechnic Institute. i2mo, cloth.... x so 

JEFFERS (Capt. W. N., U. S. N.) Nautical Surveying. Illus- 
trated with 9 copperplates and 31 wood-cut illustrations. 
8vo, cloth 500 

JONES (H. CHAPMAN). Text-Book of Experimental Or- 
ganic Chemistry for Students. i8mo, cloth x 00 

JOYNSON (F. H.) The Metals used in Construction: Iron, 

Steel, Bessemer Metal, etc., etc. Illustrated. lamo, cloth. 75 

Designing and Construction of Machine Gearing. Illus- 
trated 8vo, cloth , 200 

KANSAS CITY BRIDGE (THE). With an account of the 
Regimen of the Missouri River, and a descnption of the 
methods used for Founding in that River. By O. Chanute, 
Chief-Engineer, and George Morrison, Assistant-Engineer. 
Illustrated with five lithographic views and twelve plates of 
plans. 4to, cloth 6 00 

KING (W. H.) Lessons and Practical Notes on Steam, the 
Steam-Engine, Propellers, etc., etc , for young Marine En- 
crineers. Students, and others. Revised by CTiief-Engineer 
J. W. King, U. S. NaxT. Nineteenth edition, enlarged, 
ovo, cloth a CO 

KIRKWOOD (JAS. P.) Report on the Filtration of River 
Waters for the supply of Cities, as practised in Europe, 
made to the Board of Water Commissioners of the City of 
St. Louis. Illustrated by 30 double-plate engravings. 410, 
cloth 15-00 

LARRABEE (C. S.) Cipher and Secret Letter and Telegra- 
phic Code, with Hogg's Improvements. The most perfect 
secret code ever invented or discovered. Impossible to read 
without the key. i8mo, cloth X 00 

LOCK (C. G.), WIGNER (G. W.), and HARLAND (R. H.) 
Sugar Growing and Refining. Treatise on the Culture of 
Sugar- Yielding Plants, and the Manufacture and Refining of 
Cane, Beet, and other sugars. 8vo, cloth, illustrated 12 00 
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LOCKWOOD (THOS. D.) Electricity, Magnetism, and Elec- 
tro-Telegraphy. A Practical Guide for Students, Operators, 
and Inspectors. 8vo, cloth $2 v> 

LORING (A. E.) A Hand-Book on the Electro-Magnetic Tele- 
graph. Paperboards 50 

Cloth 75 

Morocco I 00 

MacCORD (Prof. C. W.) A Practical Treatise on the Slid* 
Valve by Eccentrics, examining by methods the action of 
the Eccentric upon the Slide- Valve, and explaining the prac* 
tical processes of layin|[ out the movements, adapting th» 
valve for its various duties in the steam-engine. Second edi- 
tion. Illustrated. 4to, cloth 250 

Mcculloch (Prof. R S.) Elementary Treatise on the Me- 
chanical Theory of Heat, and its application to Air and 
Steam Engines. 8vo, cloth 3 50 

MERRILL (Col. WM. E., U. S. A.) Iron Truss Bridges for 
Railroads. The method of calculating strains in Trusses, 
with a careful comparison of the most prominent Trusses, in 
reference to economy in combination, etc., etc. Illustrated. 
4to, cloth 500 

MICHAELIS (Capt. O. E., U. S. A.) The Le Boulenge 
Chronograph, with three lithograph folding plates of illus- 
trations. 4to, cloth 3 00 

MICHIE (Prof P. S.) Elements ot Wave Motion relating to 
Sound and Light. Text-Book for the U.S. Military Acade- 
my. 8vo, clothf illustrated 500 

MINIFIE(WM.) Mechanical Drawing. A Text-Book of Geo- 
metrical Drawing for the use of Mechanics and Schools, in 
which the Definitions and Rules of Geometry are familiarly 
explained ; the Practical Problems are arranged, from the 
most simple to the more complex, and in their description 
technicalities are avoided as much as possible. With illus- 
trations for Drawing Plans, Sections, and Elevations of 
Railways and Machinery: an Introduction to Isometrical 
Drawing, and an Essay on Linear Perspective and Shadows. 
Illustrated with over 200 diagrams engraved on steel. Ninth 
edition. With an Appendix on the Theory and Application 

of Colors. 8vo, cloth 4 00 

" It is the best work on Drawing that we have ever seen, and is 
especially a text-book of Geometrical Drawing for the use ol Me- 
chanics and Schools. No young Mechanic, such as a Machinist^ 
Engineer, Cabinet-maker, Millwright, or Carpenter, should be with- 
out It.*'— Scientific Amertcan. 

- Geometrical Drawing. Abrideed from the octavo edi- 
tion, for the use of schools. Illustrated with forty-eight 
steel plates. Fifth edition. i2mo, cloth 2 00 
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MODERN METEOROLOGY. A Series of Six Lectures, de- 
livered under the auspices of the Meteorological Society 
{111878. Illustrated. i2mo,cloth $X SP 

MORRIS (B.) Easy Rules for the Measurement of Earth- 
works, by Means of the Prismoidal Formula. 78 illustra- 
tions. 8vo,cIoth ISO 

MOTT (H. A , Jr.) A Practical Treatise on Chemistry (Quali- 
tative and Quantitative Analysis), Stoichiometry, Blow-pipe 
Analysis, Mineralogy, Assaving. Pharmaceutical Prepara- 
tions, Human Secretions, Specinc Gravities. Weights and 
Measures, etc., etc., etc. New edition, 1883. 650 pages. 
8vo^cloth 400 

NAQUET (A.) I-egal Chemistry. A Guideto the Detection of 
Poisons, Falsification of Writings, Adulteration of Alimen- 
tary and Pharmaceutical Substances, Analysis of Ashes, 
and examination CKf Hair, Coins. Arms, and Stains, as ap> 
plied to Chemical Jurisprudence, for tne use of Chemists, 
Physicians, Lawyers, Pharmacists, and Experts. Transiat* 
ed, with additions, including a list of books and Memoirs on 
Toxicology, etc., from the French. By T. P. Battershall, 
Ph.D, with a prelace by C. F. Chandler, Ph.D., M.D., 
LL.D. j2mo, cloth 3 00 

NOBLE (W.H.) Uscfol Tables. Fbcket form, cloth 9 

NUGENT (E.) Treatise on Optics ; or. Light and Sight, theo- 
retically and practically treated, with the application to 
Fine Art nd Industrial Pursuits. With 103 illustrations, 
lamo, cloth z 90 

PEIRCE (B.) System of Analytic Mechanics. 4to, cloth 10 00 

PLANE \BLE iTHE). Its Uses in Topographical Survey 
ing, nom the Papers of the U. S. Coast Survey. Illustrat- 
ed, cloth aoo 

* Thio worlc gives a description of the Plane Table employed at 

hM U. S. Coast Survey office, and the manner of using it." 

PLATTNER. Manual of Qualitative and Quantitative An* 
alysis vnth the Blow-Pipe. From the last German edition, 
revised and enlarged. By Prof. Th. Richter, of the Royal 
Saxon Mining Academy. Translated by Prof H. B. Com- 
vrall, assisted by John H. Caswell. Illustrated with 87 wood- 
cuts and one iithoeraphic plate. Fourth edition, revised, 
960 pages. 8vo, cloth 5 00 

PLYMPTON (Prof. GEO. W.) The Blow-Pine. A Guide to its 
use in the Determination of Salts and Minerals. Compiled 

from various sources. lamo, cloth I 99 

The Aneroid Barometer: Its Constructloa and Use. 
Compiled irom several sources. i6mo, boards, illustrated, ^ 
Morocco 100 
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PLYMPTON (Prof. 

. with Movable Horizon 



GEO. W.) The Star-Finder, or Plani- 
sphere, with Movable Horizon Printed in colors on fine 
card-board| and in accordance with Proctor's Star Atlas. . .$z oo 

POCKET LOGARITHMS, to Four Places of Decimals, includ- 
ing Logarithms of Numbers, and Logarithmic Sines and 
TanKents to Single Minutes. To which is added a Table of 
Natural Sines, Tangents, and Cu-Tangents. ' x6mo, boards, 50 
Morocco I 00 

POOK {S. M.) Method of Comparing the Lines and Draught- 
ing Vessels propelled by Sail or StCom. Includmg a cnap- 
ter on Laying-otion the Mould-Lolt Floor, i vol. &vo, with 
illustrations, cloth 5 00 

POPE (F. L.) Modem Practice of the Electric Telegraph. A 
Hand-Book for Llectricians and Operators. Eleventh edi- 
tion, revised and enlarged, and fully illustrated. 8vo, cloth, a oo 

PRESCOTT (Prot. A. B ) Outlines of Proximate Organic An- 
alysis, for the Identification, Separation, and Quantitative 
Determination of the more commonly occurring Organic 
Compounds. i2mo, cloth 175 

— ^ Chemical Examination of Alcoholic Liquors. A Manual 
of the Constituents of the Distilled Spirits and Fermented 
Liquors of Commerce, and their Qualitative and Quantita- 
tive Determinations. z2mo, cloth Z 50 

First Book in Qualitative Chemistry. Second edition. 

lamo, cloth. . . i 50 

PYNCHON (Prof. T. R.) Introduction to Chemical Ph\-sics, 
designed for the use of Academies, Colleges, and High- 
Schools. Illustrated with numerous engravings, and con- 
taining copious experiments with directions for preparing 
them. New edition, revised and enlarged, a.' d illustrated 
by 269 illustrations on wood. Crown 8vo, cloth 3 00 

RAMMELSBERG (C. F.) Guide to a Course of Quantitative 
Chemical Analysis, especially of Minerals and Furnace Pro- 
ducts. Illustrated by Examples. Translated by J. Towler, 
M.D. 8vo,cloth 225 

RANDALL (P. M.) Quartz Operator's Hand-Book. New edi- 
tion, revised and enlarged, fully illustrated. lamo, cloth. . . 2 00 

RANKINE (W. J. M.) Applied Mechanics, comprisire Prin- 
ciples of Statics, Cinematics, and Dynamics, and Theory 
ot Structures, Mechanism, and Machines. Ciown 8vo, 
cloth. Tenth edition. London 500 

» A Manual of the Steam-Engine and other Prime Movers, 
with numerous tables »nd illustrations. Crown 8vo, cloth. 
Tenth edition. London, i88a 5 00 

'■I A Selection from the Miscellaneous Scientific Papers of^ 
with Memoir by P. G. Tait,and edhed by W.J. Millar, C.E. 
8vo, cloth. London, i88a zooo 
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RANKINE (W. J. MJ A Manual of Machinery and Mill-woik. 

Fourth edition. Crown 8vo. London, 1881 $^ 00 

■ Civil Engineering, comprising Engineering Surveys, 

Eanhworlc, foundations. Masonry, Carpentry, Metal* 
works, Roads, Railways, Canals, Rivers, Water-works, 
Harl>ors, etc., with numerous tables and illustrations. 
Fourteenth edition, revised by £. F. Bamber, C.E. 8vo. 

London, 1883 650 

' Useful Rules and Tables for Architects, Builders, Car^ 
penters, Coachbuilders, tncineers, Founders, Mechan- 
ics. Shipbuilders, Surveyors, Typefounders, Wheelwrights, 
etc. Sixth edition. Crown 8vo, cloth. London, 18^3 4 00 

and BAMBRR (E. F.) A Mechanical Text-Book; or, 

Introduction to the Study of Mechanics and Engineering. 
8vo, cl th. London, 1875 3 SQ 

RICE ?m( T. M ) and JOHNSON (Prof. W. W.) OnaNew 
Method of Obtaining the Oifterentials of Functions, with 
especial reference to the Newtonian Conception of Rates or 
Velocities. i2mo, paper SO 

ROGERS (Prof. H. D.) The Geoloey of Pennsylvania. A Gov- 
ernment Survey, with a General View of the Geology of the 
United St<ites, Essiyv on the Coal Formation and its Fos- 
sils, and a description of the Coal Fields of North America 
I and Great Britain. Illustrated with Plates and Lngravings 
^ in the text. 3 vols. 410, cloth, with Portiolio of Maps ju 00 



ROE 8 1.1 NG (J. A ) Long and Short Span Railway Bridges. 

d 
25 00 



Illustrated' with large copperplate engravings of plans and 
views, imperial fouo, cloth 

ROSE (JOSHUA, M.E.) The Pattern-Maker's Assistant, em- 
bracing Lathe Work, Branch Work Core Work,Sweep Work, 
and Practical Gear Constructions, the Preparation and Use 
of Fools, together with a large collection of useful and val- 
uable Tables. Third edition, illustrated with 250 engrav- 
ings. 8vo. cloth . 250 

SABINE (ROBERT). History and Progress of the Electric Tel- 
eeraph, with descriptions of some o? the apparatus. Second 
edition, with additions, i2mo, cloth 12^ 

SAELTZERrALEX ) Treatise on Acoustics in connection with 

Ventilation i2mo, cloth 100 

5CHUMANM (F) A Manual of He=«ting and Ventilation in 
its Practical Application for the use of Engineers and Archi- 
tects, embracing/ a series of Tables and Formulae for dimen- 
sions of heating, flow and return pipes for steam and hot- 
water boilers, flues, etc., etc. lamo. Illustrated. Full 
roan ... i 50 

— — Formulas and Tables lor Architects and Engineers in ■«> 
calculating the strains and capacity of structures in Iron 
and Wood, lamo, morocco, tucks a 50 
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SAWYER (W. E.) Electric-Lighting by Incandescence, and 
its Application to Interior Illumination. A Practical 
Treatise. With 96 illustrations. Third edition. 8vo, cloth42 59 

SCRIRNER (J. M.) Engineers' and Mechanics' Companion, 
comprising United States Weights and Measures, Mensura- 
tion of Superfices and Solids, Tables of Squares and Cubes, 
Square and Cube Roots, Circumference and Areas of Cir* 
cies, the Mechanical Powers, Centres of Gravity, Gravita- 
tion of Bodies. Pendulums, Specific Gravity 01 Bodies, 
Strength, Weight, and Crush of Materials, Water-Wheels, 
Hydrostatics, Ilydraulics, Statics, Centres of Percussion 
and Gyration, Friction Heat, Tables of the Weight of 
Metals, Scantling, etc., Steam and the S-eam-£ngine. 
Nineteenth edition, revised, i6mo, full morocco i 50 

■ Engineers', Contractors', and Surveyors' Pocket Table- 
Book. Comprising Logarithms of Numbers, Logarithmic 
Sines and Tangents, Natural Sines and Natural Tangents, 
the Traverse '1 able, and a full and complete set of Excava- 
tion and Embankment Tables, together with numerous 
other valuable tables for Engineers, etc. Eleventh edition, 
revised, i6mo, full morocco ISO 

SHELLEN (Dr. H.) Dynamo-Electric Machines. Translated, 
with much new matter on American practice, and many il- 
lustrations which now appear for the first time in print. 
8vo, cloth. New York (In press) 

SHOCK (Chief-Eng. W. H.) Steam-Boilcrs : their Design, 
Construction, and Management. 450 pages text. Illustrated 
with ii;o wood-cuts and io full-page plates (several double). 
Quarto. Illustrated. Half morocco 2500 

SHUNK (W. F.) The Field Engineer. A handy book of prac 
tice in the Survey, Location, and Track-work of RailroadsL 
containing a large collection of Rules and Tables, original 
and selected, applicable to both the Standard and Narrow 
Gauge, and prepared with special reference to the wants of 
the young Engineer. Third edition, xaroo, morocco, 
tucks 290 

SHIELDS (J. E.) Notes on Engineering Construction. Em- 
bracing Discussions of the Principles involved, and Descrip- 
tions of the Material employed in Tunnelling, Bridging, 
Canal and Koad Building, etc., etc. i2mo, cloth i 50 

SHREVE (S. H ) A Treatise on the Strength of Bridges and 
Roofs. Comprising the determination of Algebraic formu- 
las for strains in Horizontal, Inclined or Rafter, Triangular. 
Bowstring, Lenticular, and other Trusses, from fixed and 
moving loads, with practical applications and examples, for 
the use of Students and Engineers. 87 wood-cut illustra- 
tions. Third edition. 8 vo, cloth 350 
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SIMMS (F. W.) A Treatise on the Principles and Practice of 
Levelling, snowing its application to purposes of Railway 
Engineering and the Construction of Roads, etc. Revised 
and corrected, with the addition of Mr. Laws's Practical 
Examples for setting out Railway Curves. Illustrated. 8vo, 
cloth $a SO 

STILLMAN (PAUL). Steam-Engine Indicator, and the Im- 
proved Manometer Steam and Vacuum Gauges — their Utility 
and Application. New edition. j2mo, flexible cloth i oo 

STONEY (B. D.) The Theory of Strains in Girders and similar 
structures, with observations on the application of Theory 
to Practice, and Tables of Strength and other properties of 
Materials. New and revised edition, enlarged. Royal 8vo, 
664 pages. Complete in one volume. 8vo, cloth 12 50 

STUART (CHAS. B., U. S. N.) The Naval Dry Docks of the 
United States. Illustrated with 24 engravings on steel. 
Fourth edition, cloth 6 00 

The Civil and Military Engineers of America. With 9 

finely executed portraits of eminent engineers, and illus- 
trated by engravings of some of the most important works 
constructed in America. 8vo, cloth S 00 

STUART (6.) How to Become a Successful Engineer. Being 
Hints to Youths intending to adopt the Profession. Sixth 
edition. lamo, boards 50 

SWEET (S. H.) Special Report on Coal, showing its Distri* 
bution. Classification, and Cost delivered over different 
routes to various points in the State of New York and the 
principal cities on the Atlantic Coast. With maps. 8vo, 
cloth 3 00 

TEXT-BOOK (A) ON SURVEYING, Projections, and Port- 
able Instruments, for the Use of the Caqet Midshipmen at 
the U. S. Naval Academy. Nine lithographed plates and 
several wood-cuts. 8vo, cloth a 00 

TONER (J. M.) Dictionary of Elevations and Climatic Reg- 
ister of the United States. Containing, in addition to Ele- 
vations, the Latitude, Mean Annual Temperature, and the 
total Annual Rain-fall of many localities ; with a brief in- 
troduction on the Orographic and Physical Peculiarities of 
North America. 8vo, cloth 3 75 

TUCKER (Dr. T. H.) A Manual of Sugar Analysis, includ- 
ing the Applications in General of Analytical Methods to 
the Sugar Industry. With an Introduction on the Chemis- 
try of Cane Sugar, Dextrose, Levulose, and Milk bugar. 
8vo, cloth, illustrated 3 50 

TUNNER (P.) A Treatise on Roll-Turning for the Manufac- 
ture of Iron. Translated and adapted oy John B. Pearse, 
of the Pennsylvania Steel-Works, with numerous engrav 
ingS| wood-cuts, and folio atlas 01 plates xo 00 
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VAN WAGENEN (T. F.) Manual of Hydraulic Mining, for 
the use of the Practical Miner, xamo, cloth $i oo 

WALKER (W. H.) Screw Propulsion. Notes on Screw Pro. 
pulsion : Its Rise and History. 8vo, cloth 75 

WANKLYN (J. A.) A Practical Treatise on the Examination 
of Milk and its Derivatives, Cream, Butter, and Cheese. 
i2mo, cloth 1 00 

WATT (ALEX.) Electro-Metallurev, Practically Treated. 
Sixth edition, with considerable additions, lamo, cloth i 00 

WEISBACH (JULIUS). A Manualof Theoretical Mechanics. 
Translated from the fourth ausrmented and improved Ger- 
man edition, with an introduction to the Calculus, by Eck- 
ley B. Cuxe, A.M., Mining Engineer. x,ioo pages, and 902 
woodcut illustrations, ovo, cloth 10 00 

WEYRAUCH (J.J.) Strength and Calculations ol Dimen- 
sions of Iron arid Steel Construction, with reference to 
the Latest Experiments. i2mo, cloth, plates i 00 

WILLIAMSON (R. S ) On the use of the Barometer on Sur- 
veys and Reconnoissances. Patt I. Meteorology in its Con- 
nection with Hypsometry. Part II. Barometric Hypsom- 
etry. With Illustrative Tables and Engravings. 4to. cloth is 00 

Practical Tables in Meteorology and Hypsometry, in con- 
nection with the use of the Barometer. 4to, cloth 2 50 
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Na ».-STRENGTH OF WROUGHT-IRON BRIDGB MEM- 
BEBS. By S. W. Robinson, C.E. 

N(X61.— POTABLE WATER AND METHODS OF DETECT- 
INQ IMPURITIES. By M.N.Baker. 

RbwOft-THB THEORY OF THE QAS-fiKGINE. By 
Dougald Clerk. Second edition. WithadditiOBal 
matter. Edited by F. E. IdeU, M.E. 

Ho. (A.— HOUSE DRAINAGE AND SANITARY PLUMB- 
ING. By W. P. Gerhard- Sixth edition. Be- 
vised. 

No. 64.— ELECTRO-MAGNETS. By A. N. Mansfield. 

Ho. ».— POCKET LOGARITHMS TO FOUR PLACES OF 
DECIMALS. 

Ho. (».-DYNAMO-ELECTRIC MACHINERY. By S. P. 

Thompson. With notes by F. L. Pope. Third 

edition. 
»6. 67.— HYDRAULIC TABLES BASED ON "KUTTEB'S 

FORMULA." By P. J. Flynn. 
No. 68.-STEAM-HEATING. By Robert Briggs. Third 

edition, revised, with additions by A. R. W:>lff. 
Vo. 69.-CHEMICAL PROBLEMS. By Prof. J. C. Foye. 

Third edition, revised and enlarged. 
No. 70.— EXPLOSIVE MATERIALS. John P. Wisser, U. S. A. 

Na Tl.— DYNAMIC ELECTRICITY. By John Hopkinson, 
J. N. Shoolbred, and R. E. Day. 

No. 78.— TOPOGRAPHICAL SURVEYING. By George J. 
Specht, Prof. A. S. Hardy, John B. McMaster, and 
H. F. Walling. 

}lfo, n.-SYMBOLIO ALGEBRA; OB, THB ALGEBRA OF 
ALGEBRAIC NUMBERS. By Prof . W. Cain. 

Vo. 74.— TESTING MACHINES : THEIR HISTORY, CON- 
STRUCTION, AND USE. By Arthur V. Abbott 

KaTBL-EECENT PROGRESS IN DYNAMO-ELECTRIO 
MACHINES. Being a Supplement to Dynamo- 
Electric Machinery. By Prof. Sylvanus P. 
Thompson. 

»«. W.— MODERN REPRODUCTIVE GRAPHIC PRO- 
CESSES. By Lieut. James 8. Pettit. U.S. A. 

Mo, T7,— STADIA SURVEYING. The Theory of Stadia 
Measurements. By Arthur Winslow. 

Ho. 78.-THE STEAM-ENGINE INDICATOR, AND IT8 
USE. By W. B. Le Van. 

Vm, W.-THE FIGURE OF THE EARTH. By Frank a 
Roberts, C.E. 

U^ 60L-HEALTHV FOUNDATIONS FOR HOUSES. By 
GleoD Brown. 
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No. 81. -WATER METERS: COMPARATIVE TESTS OP 
ACCURACY, DELIVERY, ETC. Distinctive 
fieatiires of the Worthlngton, Kennedy, Siemens, 
and Hesse meters. By Ross E. Browne. 

No. 82— THE PRESERVATION OP TIMBER BY TKR USE 
OF ANTISEPTICS. By Samuel Bagster Bonl- 
ton, C. E. 

No. 83. -MECHANICAL INTEGRATORS. By Prot Henry 
S. H. SHAW, C. E. 

No. 84. -FLOW OF WATER IN OPEN CHANNELS, PIPES, 
CONDUITS, SEWERS, ETa With Tables. By 
P. J. Flynn, C. E. 

No. 85. -THE LUMINIFEROUS JETSER, By Prol de 
Volson Wood. 

No. 86. -HAND-BOOK OF MINERALOGY: DETERMINA- 
TION AND DESCRIPTION OF MINERALS 
FOUND IN THE UNITED STATES. By ProfL 
J. C. Foye. Fourth edition, revised. 

No. 87. -TREATISE ON THE THEORY OF THE CON- 
STRUCTION OF HELICOIDAL OBLIQUE 
ARCHEa By John L. CuUey, C. E. 

No. 88.— BEAMS AND GIRDERS. Practical Formulas for 
their Resistance. By P. H. PhUbrick. 

No. 89.-MODERN GUN COTTON: ITS MANUFACTURE, 
PROPERTIES, AND ANALYSIS. By Lieut. 
John P. Wisser, U. S. A- 

No. 90.— ROTARY MOTION AS APPLIED TO THE GYRO- 
SCOPE. By Gen. J. G. Barnard. 

No. 9L— LEVELING! BAROMETRIC TRIGONOMETRIC 
AND SPIRIT. By Prof. L O. Baker. 

No. 92.— PETROLEUM: ITS PRODUCTION AND USE. By 
Boverton Redwood, F. L C, F. 0. S. 

No. 93. -RECENT PRACTICE IN THE SANITARY DRAJ^NAGE 
OF BUILDINGS. With Memoranda on the Cost of 
Plumbing Work. Second edition, revised. By 
William Paul Gerhard, C. E. 

No. 94. -THE TREATMENT OF SEWAGE. By Dr. C. Mey- 
mott Tdy. 

No. 95. -PLATE GIRDER CONSTRUCTION. By Isaml Hlroi, 
C. E. 2d edition, revised and enlarged. 

No. 96. -ALTERNATE CURRENT MACHINERY. By Gls- 
bert Kapp, Assoc. Itf. Inst., C. E. 

No. 97.— THE DISPOSAL OF HOUSEHOLD WASTES. By 
W. Paul Gerhard, Sanitary Engineer. 

No. 98.— PRACTICAL DYNAMO BUILDING FOR AMATEURS. 
HOW TO WIND FOR ANY OUTPUT. By Frederick 
Walker. FuUy illustrated. 

No. 99-TRIPLE - EXPANSION ENGINES AND ENGINE 
TRIALS. By Prof. Osborne Reynolds. Edited, 
with notes, etc., by F. E. Idell, M E. 
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Ka 100.-HOW TO BECOME AN ENGINEER, or the Theo- 
retical and Practical Traininf necessaiy in fitting 
for the duties of the Civil Engineer. By Prof. 
Geo. W. Plympton. 

No. 101.— THE SEXTANT, and other Reflectine Mathemati- 
cal Instruments. With Practical Hints for their 
adjustment and use. By F. R. Brainard, U. & 
Navy. 

No. 102.— THE GALVANIC CIRCUIT INVESTIGATED 
MATHEMATICALLY. By Dr. G. S. Ohm, Ber- 
lin, 1827. Translated by William Francis. With 
Preface and Notes by the Editor, Thomas D. 
Lockwood, M.I.E.E. 

- No. 108.— THE MICROSCOPICAL EXAMINATION OF 
POTABLE WATER. With Diagrams. By Geo. 
W. Rafter. ' 

No. 104.— VAN NOSTRAND'S 'TABLE BOOK FOR CIVIL , 
AND MECHANICAL ENGINEERS. Compiled 
by Prof. Geo. W. Plympton. I 

No. 105.— DETERMINANTS. An Introduction to the Study 
of, with Examples and Applications. By Prof. 
G. A. Miller. ^^ ^ 

No. 106.— COMPRESSED AIR. Experiments upon the 
Transmission of Power by Compressed Air in 
Paris. (Popn's System.) By Prof. A. B. W. 
Kennedy. The Transmission and Distribution of 
Power from Central Stations by Compressed Air. 
By Prof. W. C. Unwin. 

Na 107.-A GRAPHICAL METHOD FOR SWING-BRIDGES. 
A Rational and Easy Graphical Analysis of the 
Stresses in Ordinary Swing-Bridges. With an 
Introduction on the General Theory of Graphical 
Statics. By Benjamin F, La Rue. 4 Plates. 

No. lOa— SLIDE VALVE DIAGRAMS. A French Method 
for Constructing Slide Valve Diagrams. By Lloyd 
Bankson, B.S., AssFstant Naval Constructor, U. 
S. Navy. 8 Folding Plates. 

No. 109.— THE MEASUREMENT OF ELECTRIC CUI^ 
RENTS. Electrical Measuring Instruments. By 
James Swinburne. Meters foi- Electrical Energy. 
By C. H. Wordingham. Edited, with Preface, 
by T. Comnierford Martin. Folding Plate and 
numerous illustrations. 

No. 110.— TRANSITION CURVES. A Field-Book for Engin- 
eers, containing Rules and Tables for Laying 
out Transition Curves. By Walter G. Fox, C.E. • 

No. 111.— GAS-LIGHTING AND GAS-FITTING. Specifica- 
tions and Rules for Gas-Piping. Notes on the 
advantages of Gas for Cooking and Heating, and 
Useful Hints to Gas Consumers. Second editioa, 
rewritten and enlarged. By Wm. Paul QeriuunT 
aE. 

N». US.— A PRIMER ON THE CALCULUS. By K. Sherman 
Gonld, M. Am. See. C. £. 



i 



THE VAN NOSTRAND SCIENCE SERIES. 



No. 118.— PHYSICAL PROBLEMS and their Solution. By A. 
BoTirgongnon, formerly Assistant at Bellevne Hos- 
pital. 

No. 11*.— MANUAL OF THE SLIDE RULE. By F. A. Halsey, 
of the American Mao/iinut. 

No. 116.— TRAVERSE TABLES showing the dlfifjerenoe of Lati- 
tude and Departure for distances between 1 and 100 
and for Angles to Quarter Degrees between 1 degree 
and 90 degrees. (Reprinted from Scribner's Pocket 
Table Book.) 

No. 116.— WORM AND SPIRAL GEARING. Reprinted from 
" American Machinist." By F. A. Halsey. 

No. 117.— PRACTICAL HYDROSTATICS AND FORMULAS' 
with Diagrams and Illustrations. By E. Sherman 
Gould, Mem. A. S. C. E. 

No. 118.— TREATMENT OF SEPTIC SEWAGE, with Tables. 
By George W. Rafter, Mem. A. S. C. E. 

No. 119.— LAY-OUT OF CORLISS VALVE GEARS with Fold- 
ing Plates and Diagrams. By Sanford A. Moss, M. 
S., Ph. D. 

No. 120.— ART OF GENERATING GEAR TEE^H. By Howard 
A. Coombs. With Figures, j^iagrams and Folding 
Plates. Reprinted from the "Ainerican Machinist. 

No. Itn.— CURRENT PRACTICE IN GAS ENGINE DESIGN. 
By H. Lee Koenig and G. W. Rioe, with Folding 
Plates. 



^/ 



THE BORROWER WILL BE CHARGED 
AN OVERDUE FEE IF THIS BOOK IS NOT 
RETURNED TO THE LIBRARY ON OR 
BEFORE THE LAST DATE STAMPED 
BELOW. NON-RECEIPT OF OVERDUE 
NOTICES DOES NOT EXEMPT THE 
BORROWER FROM OVERDUE FEES. 









BOOK oue 

JUL 1 1 19 







* ^*VvV#«>^^J ^,^ 



L 



f 



J 



The ventjlation of eoai 
Cabot Science 



3 2044 091 908 



